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1831 


“The store drawn upon naturally by 
uranium and other heavy atoms only 
awaits the touch of the magic wand 
of science to enable the Twentieth 
Century to cast into the shade the 
marvels of the Nineteenth.” 


Sir William Crookes 
3rd Bristol] Meeting 1898 


HIGH VACUUM TECHNOLOGY has truly 
been a “‘magic wand’’ in this Twentieth Century 
scientific revolution and its remarkable development 
owes much to the unprecedented demands of atomic 
energy projects . . . with which EDWARDS have 
been associated since the beginning .. . and has 
resulted in many significant contributions to all 
aspects of modern industry. 


@ ATOMIC ENERGY 
Particle accelerators. ..isotopes. . . fission fuel production, 


@ ELECTRONICS 
Cathode ray tubes ... valves .. . photo-cells . . . metallized 


capacitors. 


@ VACUUM METALLURGY 
Large-scale production eae high-purity metals such as 
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@ PRODUCT FINISHING (Metallizing) 


Depositing a brilliant and permanent metallic finish to 
inexpensive plastic, paper, leather, etc. 


@ CHEMICAL INDUSTRIES 
Dehydration of foodstuffs, pharmaceuticals, medicines. 


@ LEAK DETECTION 
Developed for the high standards of atomic energy equip- 
ment has lead to valuable means of leak detection in 
equipment other than vacuum. 
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ANTARCTICA 


IR KAYMOND PRIESTLEY is the first president 

of the British Association with personal experience 
of Antarctica, and very fitting it is that he should 
be president just before the start of the International 
Geophysical Year of 1957-58, which has so large an 
antarctic component. Sir Raymond is truly an elder 
statesman in antarctic affairs, in that he served as 
geologist both with Scott and with Shackleton before 
the First World War, and then proceeded to a 
notable career in university administration. After 
Cambridge, Melbourne and Birmingham, happy is it 
that he should recently have returned, on formal 
retirement, to leadership of the Falkland Islands 
Dependencies Scientific Bureau and now to the 
presidency of the British Association ; his presiden- 
tial address—‘‘Twentieth Century Man against 
Antarctica’”’—is printed on p. 463 of this issue of 
Nature. 

In the address Sir Raymond sketches in brief the 
history of Antarctica since 1900. Yet even in this 
necessarily greatly condensed story, from time to 
time there peeps through some of the old sparkle 
and humour which did so much for the morale of 
those strange ice-cave dwellers of Cape Adare forty- 
five years ago. Of that remarkable winter story 
Sir Raymond’s modesty now tells us nothing. Like 
many others, historians delight in the small errors 
of fact and stress in their colleagues’ work, and 
Sir Raymond will not expect to escape. But the 
elder statesman’s power of panorama is here in full. 
Of special worth is his incidental comparison of 
Scott and Shackleton. Would that his friends could 
persuade him to write a comparative biography of 
those two great men, for Sir Raymond alone has the 
scientific knowledge and literary skill, and he served 
them both. Indeed the pre-1914 antarctic scene is 
portrayed, though briefly, with a vigour and a per- 
cipience perhaps not elsewhere equalled. 

That pre-1914 period in Antarctica was the age 
of achievement despite inadequate techniques—and 
how inadequate they were was not clear for ancther 
decade or two. But the scientific output per unit of 
effort and money was undoubtedly of a higher order 
than ever later achieved. The inter-war years on 
and around the southern continent were decades of 
rapid advance, when technique at last had ceased to 
be a limiting factor, and the environment was 
sufficiently eonquered for scientific achievement no 
longer to be hampered by excessive personal discom- 
fort. In describing this period, Sir Raymond perhaps 
gives less than their proper due to the vigour, enthu- 
siasm and extent of the Discovery Investigations. 
Likewise perhaps he remarks too little upon the 
achievement of the International Whaling Com- 
mission, which for all its shortcomings has in fact 
worked, and has saved alike the whaling industry 
and the southern whales—ai least so far. 

The era since the Second World War is more 
difficult for the historian, and more especially for the 


scientific historian who, as president of the British 
Association, knows well that any words of his will 
set up ripples which may have an influence far 
beyond his immediate audience and the scientific 
world. Sir Raymond has, rightly in this presidential 
address, almost succeeded in avoiding the political 
problems of Antarctica to-day. The fact of his success 
must not, however, be allowed to mislead or to act 
as a soporific to the nation. Sir Raymond does 
not hesitate to touch lightly upon strategic facts in 
these days when Suez and Panama are so vulnerable, 
and the one around-the-world sea route is the southern 
ocean washing the shores of Antarctica. One wonders 
if those who work in Foreign Ministries and State 
Departments would agree that “‘the fresh resurgence 
of interest’? in connexion with the spectacular 
activities of the coming International Geophysical 
Year in Antarctica “has science for its main drive”’ 
as Sir Raymond suggests ? Perhaps it was true for 
a@ short period; but can it still be presumed to be 
so? Once the national politicians—and let their 
countries here be nameless—saw the convenience of 
the scientific cloak, and once a few of the scientists 
had appreciated the quality of the wicket for 
extracting national money, the main-spring of antarc- 
tic endeavour—so some with knowledge will affirm— 
became brutally political. 

Sir Raymond dilates upon the startling and 
wonderful scientific efforts which will be made, the 
myriads of radio-sondes, the rockets and the satellites, 
the glaciology and the seismology. But with all this 
he perhaps fails even then to provide a sufficient 
realization of the real operational magnitude of the 
many-nationed antarctic endeavours of the next 
few years. He refers to the £100,000,000 which, it 
has been estimated, will be spent on this work ; but 
in fact the total cost of the United States effort alone 
might well exceed that figure. Few members of the 
British Association will have read the published 
terms of reference for the United States new antarctic 
organization, answerable direct to the Operations 
Co-ordination Board. Science, we can agree, stimu- 
lated the ‘fresh resurgence’ in Antarctica; but 
surely it becomes progressively more difficult to 
sustain the thesis that the “‘main drive” is now 
anything but competitive power politics. 

Since in his address Sir Raymond Priestley goes 
some little way towards assessing the relative achieve- 
ments of the various nations concerned, it is apposite 
perhaps to make a comparison. Sir Raymond rightly 
stresses the British technological failing before the 
First World War. At that time we failed to perceive 
the virtues and necessities of dog transport, and the 
consequences are well known: the Norwegians 
achieved while we failed. Now again we thrive in 
the sciences, but once more fail in transport technique 
in comparison with our rivals in this power-political 
era. It is an astonishing fact that of the five mutually 
recognizing sovereign powers in Antarctica (Great 
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Britain, Australia, New Zealand, Norway and 
France), not one possesses an icebreaker, without 
which full manceuvrability around the continental 
coasts is impossible. Yet Argentina and the United 
States and the U.S.S.R. are already well provided in 
this respect. As in the days of Scott and Amundsen, 
it is to the nation which has the technical benefit of 
superior transport that goes the prize, whether it be 
the conquest of the pole, or the long-term foothold 
in Antarctica. Our science is adequate, our technique 
of support is not. 

The president of the British Association has 
provided us with an admirable historical background 
and some little prophecy ; but he has rightly felt it 
out of context to draw the moral beyond the world 
of science. Yet it is sadly true that, while the 
scientists admirably co-operate in the excitements of 
the International Geophysical Year, the nations 
themselves are fighting in Antarctica a ‘cold war’ 
in which material resources are of paramount 
importance. Whatever may be the outcome of this 
‘cold war’, it seems certain that by the end of the 
International Geophysical Year scientific knowledge 
of Antarctica will have made immense strides forward. 


GALENUS EXPLICATUS 


Galen on Anatomical Procedures 

Translation of the surviving books with Introduction 
and Notes. By Prof. Charles Singer. (Publications 
of the Wellcome Historical Medical Museum, No. 7.) 
Pp. xxvi+289. (London: Oxford University Press, 
1956. Published for the Wellcome Historical Medical 
Museum.) 37s. 6d. net. 


HE translation of a work such as this is far 

from being an uneventful exercise. A knowledge 
of the language is by no means sufficient, nor does a 
sympathetic concern in the writer and his work tide 
the translator over many of his difficulties. It is 
above all necessary to have a profound knowledge of 
the subject and of the personality of the author, and 
it may even be requisite to check his technique and 
experiments in the laboratory. The diction followed 
by a worker in the second century A.D. can be very 
difficult to modernize in another language, largely 
owing to the lack of an agreed technical vocabulary, 
and it may be inscrutable unless you have before you 
a replica of the objective evidence which influenced 
the original author. 

No one knows the difficulties of the task and 
how to overcome them better than Prof. Singer 
himself, and the present work has been designed and 
completed with that knowledge and experience in 
view. He rightly has a very high opinion of the 
merits of Galen as an anatomist and physiologist. 
There is, he says, no comparable work in ancient 
literature ; it established a point of view which was 
not exceeded for 1,450 years, and it started Vesalius 
on his triumphant career. A problem which has 
attracted considerable attention is whether Galen 
transferred to man anatomical features derived from 
the dissection of lower animals. In Book 6, Chapter 1 
he mentions the types he preferred to dissect as being 
most like man, but does not admit ignorance of 
human anatomy. On this question Singer allows 
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that Galen’s text “in general is a description of the 
soft parts of the ape imposed on the skeleton of 
man’’. He adds, however: “had Galen any knoy. 
ledge by dissection of the structure of the himan 
body ? I have thought much on this topic, and hay, 
several times changed my views, but now think tha; 
he had such knowledge. ... Does Galen ever b:tray 
that he has a knowledge of human anatomy reache; 
by direct contact with the object ? I now thinik the 
answer should be ‘Yes’.”” No further can we got jn 
this ancient and prolonged controversy until fresh 
contemporary evidence is forthcoming. Morecover. 
as Singer points out, Galen was heir to five hundred 
years of physiological research, and yet when he died 
experimental science too fell dead. ‘How was it 
that all this hoarded physiological wisdom of anti. 
quity came to this sudden dramatic end ?” 
Galen’s work on anatomical methods consists of 
fifteen books, of which only a fragment of the Creek 
text of Book 9 on the brain has survived. The 
whole of Books 10-15 lack the Greek originals, and 
are not included in Singer’s monograph; but an 
Arabic translation of the complete work is now 
available. It is therefore possible, and certainly 
desirable, that an English translation and commentary 
of the Arabic version of the missing Greek Books 9- 
15 should be undertaken, even though they have 
played no part in the history of anatomy. An 
admirable German translation by Max Simon was 
published in 1906. We must not forget that Galen's 
value to us is partly his references to the work of 
his predecessors, much of which would otherwise have 
remained entirely unknown. On the other hand, he 
quotes “Hippocrates” thirteen times in the present 
treatise, and Brasavola’s Brobdingnagian index to 
Galen’s Works, which weighs 9 lb. and piles up 
some 107,000 entries, includes three folio pages of 
references to the “Hippocratic” corpus, although 
there is no evidence that Hippocrates himself ever 
wrote a word of it. Many will be surprised to learn 
the extent of Galen’s knowledge of anatomy and 
physiology and how accurate it was for his time. 


He was the last to practise anatomy for many | 


centuries. 






Fi 


Reference to some of the topics known to and 7 


studied by Galen may be taken as a cross-section of 


his morphological activities. The fable that in the 


crocodile the upper and not the lower jaw is the 


movable one can be traced back to Herodotus (fifth | 
It was accepted by Aristotle, Galen, | 


century, B.C.). 
Leonardo, Vesalius, Rondelet, Columbus and Robert 
Boyle. Oliver Goldsmith claimed in 1772 that it 
could be established by experiment, and even in 
1809 Descourtilz held that the lower jaw could be 
fixed, and the rest of the entire head moved upwards 
on the occipital condyle. 


Galen did not attempt to dissect small animals, 
such as insects, but confined himself to vertebrates © 


of all types. His lynx, about which Prof. Singer has 


some doubts, might well have been Felis caracal, © 


which was readily available in number and of a | 


convenient size for examination in the laboratory. 
These comparative studies led Galen to formulate a 
teleological explanation of natural phenomena. Hence 
he says that you can predict the structure of an 
animal on seeing it for the first time—a possibility 
exploited by Cuvier in our own era. Galen does not 
regard the substance of the heart as typical muscle, 
but that its specific activities accord with the pecu- 
liarities of its structure. Pulsation is an intrinsic 
faculty of the heart and does not proceed from the 













n Of the 
leton of 
y know. 
human 
nd have 
ink that 
t betray 
reached 
Linix the 
» get in 
‘il fresh 
ore Over, 
vundred 
he died 
was it 
of anti. 
sists of 
9 Greek 
l. The 
ls, and 
but an 
is now 
srtainly 
hentary 
290ks 9 
y have 
y- An 
On was 
Galen’s 
vork of 
se have 
and, he 
present 
dex to 
les up 
ages of 
though 


lf ever 
o learn 
iy and 
3 time. 


many § 


bo and § 


tion of 
in the 
is the 
s (fifth 
Galen, 
Robert 
shat. it 
ven in 


uld be 


| 


ywards | 


Limals, 


brates © 
rer has | 
aracal, © 
| of a 


‘atory. 
ulate a 
Hence 
of an 
‘ibility 
es not 
1uscle, 
pecu- 
trinsic 
m. the 


September 1, 1956 


No. 4531 


nerves. The anatomy of the heart and its valves is 
well described. Nerves can be either sensory or 
motor and may even be distinguished structurally— 
a histological truth which could not have been known 
to Galen. He is interested in the occurrence of an 
os cordis, and claims to possess a@ very large specimen 
of it extracted from the heart of an elephant, where, 
however, the bone does not normally occur. 

Galen must rank as an important experimental 
physiologist. The statement rife at the time that the 
arteries do not contain blood he dismisses as ‘‘impu- 
dent nonsense” worthy of the ‘‘comic writers’. He 
then proceeds to demonstrate the falsity of it by 
observation. His experiments on the physiology of 
the respiratory movements and on the function of 
the spinal cord are truly remarkable. On the debit 
side, however, we have two disastrous errors to 
record. He believed in the existence of perforations 
in the ventricular septum of the heart, through which 
blood could pass direct from the right ventricle into 
the left, and he assumed that the veins originated in 
the liver, from which it follows that the flow of the 
blood in them must be peripheral. 

The notes appended to Prof. Singer’s volume are 
the result of unwearied critical research not only in 
determining the modern equivalents of the muscles, 
nerves and blood vessels which Galen describes in 
remarkable detail, but particularly in clarifying and 
stabilizing the text. Such work is indispensable and 
beyond praise. Only those of us who have stumbled 
through Galen’s anatomy, dictionary in hand and 
confusion in mind, can realize how much Prof. 
Singer has done to lighten the labours of our more 
fortunate successors. 

There is @ good index but no bibliography. 

F. J. Cote 


AN INTRODUCTION TO 
ASTRONOMY 


Introduction to Astronomy 
By Dr. Cecilia Payne-Gaposchkin. 
(London: Eyre and Spottiswoode (Publishers), Ltd., 


Pp. x+508. 


1956.) 50s. net. 


N the United States much more instruction is 

given in astronomy than in Great Britain. There 
it is included in general science courses, and many 
arts students take short courses of one or two terms 
in astronomy. Astronomy, which is the oldest of the 
sciences, is well adapted for teaching as a cultural 
subject ; the history of the development of concepts 
in astronomy from the early ages to the present time 
forms a fascinating subject, while the modern investi- 
gations into the nature and structure of the universe 
and the attempts to learn about its beginnings, its 
evolution and its future have an inherent appeal to 
the human mind. 

Though this introduction to astronomy has been 
written primarily as an introductory text for 
American students, it is well adapted for the general 
reader. The cultural aspect of astronomy has been 
kept in the forefront of the author’s mind and the 
associations of astronomy with the fields of language, 
literature and history have been emphasized ; little 
background either in mathematics or physics is 
required of the reader. 

About half the book is devoted to the solar 
system and half to the stars and stellar systems. The 
author of a text-book always has to face the problem 
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of the extent to which current ideas, which are still 
in @ state of flux, are to be dealt with. This book 
gives a well-balanced account of modern views, and 
the author has pointed out that some of them may 
require modification or may prove to be quite 
incorrect. The chapter on variable stars, in which 
field the author herself has done much work, is per- 
haps too detailed for an introduction to the subject. 

A few errors have been noticed. The statement 


‘ about Augustus Caesar having taken one day from 


February to add to August is not correct and should 
be omitted in any future edition. The number of 
days in each month have remained as they were 
fixed by Julius Caesar. Halley spelt his Christian 
name Edmond, not Edmund as given on p. 145. 
Greenwich Civil Time, a term used in the United 
States, is not an acceptable alternative to Greenwich 
Mean Time; in the summer months in the United 
Kingdom the (Greenwich) civil time differs by an 
hour from Greenwich mean time. Some of the 
statements about Venus on p. 185 uire modi- 
fication. Venus does not reflect sunlight without 
changing its colour ; Venus is yellower than the Sun. 
Its light is not white; it is yellower than the light 
reflected by the Earth. The statement on p. 208 
that the spectrum of Jupiter shows some striking 
features that are common to a greater or less extent 
to all the major planets, followed by the statement 
that the dark bands have been identified as molecular 
spectra of methane and ammonia, is rather mis- 
leading, inasmuch as the spectra of Uranus and 
Neptune contain no bands due to ammonia. 

The book is particularly well illustrated with 
photographs, and there are many text-figures. The 
series of planetary photographs, taken at the Lowell 
Observatory, is most valuable; many of the photo- 
graphs of stars and galaxies were taken with the 
200-in. telescope. H. SPENCER JONES 


PHYSIOLOGY OF THE MINERAL 
MINUTIA 


Trace Elements in Human and Animal Nutrition 
By E. J. Underwood. Pp. xi+429. (New York: 
Academic Press, Inc.; London: Academic Books, 
Ltd., 1956.) 9.50 dollars. 


T is appropriate that the first book on the nutritional 
aspects of the trace elements should have been 
written by an Australian, for some of the most 
important work on the subject has been done in that 
country. This is partly the result of the ‘challenge’, 
in the sense used by Toynbee in his “Study of 
History”, provided by the diseases of stock on 
certain Australian pastures, and the response of 
the scientific workers can only be described as having 
been an outstandingly successful one. This is not 
for @ moment to suggest that Australia has had a 
monopoly in trace-element research. Littlo of the 
work on iodine, fluorine, molybdenum or manganese 
has been done there, and the pioneers like Chatin, 
Raulin, Bertrand, Hart and Ramage were not 
‘ustralians (a number of them were French); but 
«4 work of Bennetts, Underwood and Marston on 
ccpper and cobalt has had such enormous economic 
repercussions that it is impossible not to be impressed 
by its importance. 
In writing this book the author has considered 
iron, copper, cobalt, molybdenum, nickel, zinc, 
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manganese, iodine, fluorine and selenium in some 
detail, and dealt briefly with aluminium, arsenic, 
barium, strontium, boron, bromine, silicon and 
vanadium. His interpretation of the word ‘nutrition’ 
has been a very wide one. The chapter on iron, 
for example, contains the following headings: 
historical background ; the total iron content of the 
body and its distribution ; iron in blood ; the forms 
and amounts of iron in tissues and _ secretions ; 
absorption ; excretion; iron deficiency; require- 
ments for iron ; sources of iron in foods and dietaries ; 
references. 

It will be seen from this that the physiology of the 
trace elements would have been a more descriptive 
title for the book, and people interested in any 
aspects of the subject would do well to consult it. 
The whole animal kingdom is really covered, including 
to some extent the marine invertebrates; but 
priority has been given to the higher animals includ- 
ing man, and this general approach explains the 
scanty amount of space devoted to boron, which is 
only necessary, so far as is known, for plants. 


It is a little difficult to pick out the treatment of 


any one of the elements for special comment, for 
each of them to which a chapter is devoted is handled 
in much the same way. Excesses are discussed as 
well as deficiencies ; toxic fluorosis, for example, is 
accorded full measure. 

The last chapter is concerned with the soil—plant— 
animal relationships of the trace elements. More 
might have been made of this, for it is just these 
relationships which make the trace elements so 
important to human welfare and formed the rationale 
for the symposium on the subject which was held in 
the Vatican in 1955. 

Judging by the number of times the author has 
made reference to some of my own somewhat pedes- 
trian publications, the bibliography must be a very 
complete one. There are omissions, however, here 
and there. 
foetal nutrition, for example. 
that curious little creature Archidoris britannica, 
which crawls about the floor of the sea with con- 
siderable deposits of calcium and strontium fluoride 
inside it. If arsenic is worth a mention, it is difficult 
to see why mercury and lead were not accorded a 
place ; and where is the section on chromium, which 
seems to be part of the permanent structure of the 
erythrocyte, whatever its function there may be ? 
But these are trifles, mentioned only to be forgotten. 
The book is @ good one, worth reading from cover 
to cover, and there is a good author and subject 
index. R. A. McCance 


CONTROL OF PITUITARY 
FUNCTION 


Neural Control of the Pituitary Gland 

By Prof. G. W. Harris. (Monographs of the Physiolog- 
ical Society, No. 3.) Pp. ix+298. (London : 
Edward Arnold (Publishers), Ltd., 1955.) 30s. net. 


HE place taken by the hypothalamus in current 

biological discussion is in striking contrast to its 
size. This minute region of the brain also remains a 
happy hunting ground for experimentalisis concerned 
to find in it neural ‘centres’ for almost every visceral 
function of the body. Those with which it has already 
been endowed are more numerous than are its recog- 
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nizable groups of nuclei; and it is scarcely surprigi 
that some of the latter have had to be investe« with 
the control of very different functions. 

Prof. Harris’s book, ‘Neural Control of thy 
Pituitary Gland”, is a review of the relations|hip o 
this part of the brain to the two main divisions o 
the pituitary gland. The relationship of the neup. 
hypophysis to the hypothalamus is dealt with in th 
latter and shorter part of the book. This begins 
with a brief account of the anatomy of tho ty 
structures concerned, and its final chapter focuses on 
the nature and site of formation of the posterior 
pituitary hormones, the bias of Prof. Harris’s cop. 
clusion being that they are elaborated in the neuro. 
hypophysis itself. The considerable volume of recent 
work which has led to the view that the posterior 
lobe hormones are produced by the nuclei supra. 
opticus and paraventricularis, and that they ar 
transported down the supraopticohypophysial tract 
into the neurohypophysis, is dealt with in only thre: 
pages. The implication of Prof. Harris’s cautious 
reference to this “attractive hypothesis” is that it 
still remains to be established. 

Such reserve does not stamp his treatment of the 
control of the adenohypophysis. The analysis of this 
problem begins with the general proposition that the 
central nervous system “‘is largely responsible for 
correlating endocrine activity with that of the other 
systems of the body, and with the varying require. 
ments of the organism due to environmental change”, 
This statement introduces the further generalization 
that, with the exception of the neurohypophysis and 
adrenal medulla, there is no clear evidence that any 
of the endocrine organs, for example, the thyroid, 
ovaries and testis, have a secretomotor innervation. 
The view then emerges that the central nervou 
system regulates the endocrine organs indirectly }; 
way of a control which the hypothalamus exercise 
over the anterior pituitary. The latter is effected by 
means of some undefined chemical substance(s) that 
is transmitted through the hypophysial-portal vessels, 
the integrity of which Prof. Harris believes to be 
essential for normal anterior pituitary function. The 
“chemotransmitter” then stimulates the pituitary to 
produce its various trophic hormones, the level of 
output of which is held in normal balance by a series 
of interactions with the hormones the secretion of 
which they stimulate. 

The simplicity of this hypothesis is in such striking 
contrast to the complexity of the pituitary’s influence 
in the body, and with the problems that are implied 
by the concept of a neural control of the endocrine 
system, that Prof. Harris’s views deepen rather than 
lighten the mystery that surrounds the physiology of 
the hypothalamus. Among the many things which 
the critical reader new to the field needs to be, but is 
not, told is just what validity can be attached 
to statements about the precise localization of func- 
tion in the hypothalamus, when methods of electrical 
stimulation as well as techniques of making hypo- 
thalamic lesions are usually overwhelmingly crude in § 
relation to the size of the neuronal complexes con- 
cerned. It is because of this discrepancy that it s0 
often proves impossible to reconcile statements that 
are made about the exact localization of some pre- 
sumed hypothalamic functions. A second general 
point which overshadows this field of experiment is 
the possibility that many of the responses that are 
regarded as specific to the hypothalamus, or to some 
connexion between the hypothalamus and the anterior 
pituitary, are, in fact, responses which occur as part of 
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a general complex of change that can be initiated by 
jesions or disturbances which bear no specific relation 
to either structure. Here it is the essential absence of 
controls, or of experiments that are carefully designed 
to test specific hypotheses, which prevents the 
student from coming to grips with the problems of the 
hypothalamus. Prof. Harris might have been better 
advised, therefore, if he had left the problem with 
the statement, which appears at the start of the 
general discussion to this section of the book, that 
the “information as to the details of the mechanism 
involved is seanty’’, instead of proceeding to specula- 
tions about the number of chemotransmitters that 
might be involved (when not even a single one has 
yet been identified), and about the functional dif- 
ferentiation of individual portal vessels in relation to 
different areas of the anterior pituitary (when it is not 
yet known that the number, let alone the precise 
disposition, of the portal vessels in a given species is 
constant). But if Prof. Harris does not tell us on what 
“good grounds” he bases this speculation, equally he 
does not refer properly to experiments that have 
conclusively shown that whatever influence the hypo- 
thalamus exercises over the functions of the anterior 
pituitary, the pituitary-portal vessels are neither a 
sufficient nor a necessary explanation of this pre- 
sumed “‘control’’. 

Theorizing from slender fact is, of course, one of 
the ways new fields of biological knowledge develop. 
But, as in this case, there is always the risk that a 
single positive observation may emerge which com- 
pletely undermines an edifice of speculation, and 
particularly one that has been erected because of an 
urge to explain the incomprehensible. Publication is 
these days not infrequently slow, and the danger of 
2 scientific work being somewhat out of date was 
accentuated in the present case by the fact, noted 
in the preface, that the book was based on a series of 
lectures given a few years back. S. ZUCKERMAN 


ARTIST VERSUS SCIENCE 


Louis Agassiz Fuertes 
Edited by Mary Fuertes Boynton. Pp. xviii +317+17 
plates. (London and New York: Oxford University 
Press, 1956.) 45s. net. 


O readers who are familiar with the paintings of 

Louis Agassiz Fuertes, especially those of us who 
are either painters, naturalists or ornithologists, this 
book holds much of absorbing interest. But as 
‘much will have more’, it is probable that the need 
will be felt for additional illustrations to those few 
given in the book, excellent as they are; especially 
of those swift field studies and preliminary drawings 
which are always more intimate and spontaneous, 
more of the very essence of the artist, than the 
deliberately planned, finished works. 

This book consists mainly of letters from “‘L.A.G.” 
to his friends and business connexions, and of theirs 
to him, these being supported, where necessary, by 
biographical notes. Together they paint a fairly full 
portrait of the artist, who emerges as a charming, 
sociable, hard-working person, with a great fund of 
humour, and obviously beloved by all who knew him. 

In a way he was lucky, in that his work was recog- 
nized and taken up when he was quite young. He 
was commissioned by no less an ornithologist than 
Elliot Coues to paint one hundred illustrations of 
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birds for a book; but one wonders whether this 
early plunge was in fact good for ““L.A.G.’’, for as an 
artist he was not mature, and then, as now, the 
influence of Audubon was a dominant one in Ameri- 
can bird portraiture. Had he been granted a few 
more years of study, it is possible that he would have 
become aware of the Swedish painter of birds and 
animals, his contemporary Bruno Liljefors, with his 
very different esthetic approach to the work. But, 
as this book reveals, poor Louis was either so inun- 
dated with work of a semi-scientific nature or was 
away on his travels in foreign parts in search of 
specimens, that he had no time for artistic experi- 
ments, and his style remained, in its essence, a linear 
one. Because of the dictates of his scientist-patrons 
his colour did not equal his draughtsmanship, and in 
spite of all the talk and furore about the effect of 
light on the plumage of birds, he was forced to present 
his subjects in a light which was acceptable to the scien- 
tist and not in that which emanates from the Sun. 

The book is particularly interesting in its account 
of the hunting expeditions into which “L.A.G.” 
entered with so much zest and excitement, and in 
which he suffered heat, cold, weariness and illness, 
meantime killing a prodigious number of birds ; 
these, however, were not wasted, for, fulfilling the 
purpose for which they were intended, they eventually 
found their way into museums as mounted specimens 
or study skins. Interesting too are the letters describ- 
ing his adventures in landscape painting, these paint- 
ings being the preliminary studies for the landscape 
backgrounds to the dioramas in the American 
Museum of Natural History. 

‘Ars longa, vita brevis’; especially was this so in 
the case of “L.A.G.’’, for his tragically sudden death 
occurred while he was still at the height of his powers. 

C. F. TUNNICLIFFE 


PRESTRESSED CONCRETE DESIGN 


The Theory of Prestressed Concrete Design™ 
Statically Determinate Structures. By Prof. Henry J. 


(London: Macmillan and 
St. Martin’s Press, Inc., 


Cowan. Pp. xvii+264. 
Co., Ltd.; New York: 
1956.) 36s. net. 


HE title of Prof. H. J. Cowan’s book is rather 

misleading, since it concerns itself almost entirely 
with beams, with just 12} pages devoted to pipes and 
tanks. It can scarcely be said to deal comprehen- 
sively with statically determinate structures in 
general. So far as statically determinate beams are 
concerned, the book has been written with great 
care and thoroughness, with numerous worked 
examples to illustrate points in the text when dealing 
with design, after a general approach through early 
chapters on fundamental principles, manufacture, 
and the properties of steel and concrete. 

It is a debatable point whether prestressed concrete 
design should be carried out these days using working 
stresses and working loads, with subsequent checks 
on the load factor at cracking, and at failure. How- 
ever, having accepted this principle, which permits 
constant values of Young’s modulus for steel and for 
concrete at the design stage, and permits tension in 
the concrete, one can appreciate the methods used 
to get balanced designs for a number of different 
cases of increasing complexity, and the neat use of 
diagrams to indicate the range of practical solutions. 
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Subsequent chapters deal with the load factors 
against cracking and failure for a number of these, 
with the effects of cables of varying eccentricity, and 
with bond, shear and torsion. 

In the case of shear, the common error regarding 
the distribution of shear stress in an ‘I’ section has 
unfortunately been perpetuated, but it does not 
affect the validity of the rest of the work of the 
chapter, which deals with points very often ignored 
in books on prestressed concrete design. 

If one accepts that design of simply supported 
prestressed beams should be carried out using working 
loads and working stresses, the book is a useful and 
comprehensive text-book ; if one believes that design 
should be based on failure at a definite excess loading, 
and checked for condition at working loads, it is of 
far less use. Nevertheless, the chapter on ultimate 
load still largely applies, as in fact does most of the 
book except for the work on balanced design, albeit 
not so conveniently as intended. 

References are numerous and well related to the 
text, and the style of writing is clear and easy to 
follow. It is well worth a place on the bookshelf for 
those requiring a detailed study of a specialized 
structural field. J. W. H. Kine 


AUTOMATION ECONOMICS 


The Economic Consequences of Automation 
By Dr. Paul Einzig. Pp. xi+226. (London: Martin 
Secker and Warburg, Ltd., 1956.) 21s. net. 


HE word ‘automation’ has become the excuse for 

@ spate of books, azticles and speeches, some of 
which contribute little to the clarification of its 
meaning. Dr. Paul Einzig’s book has all the appear- 
ances of having been hurriedly compiled to meet the 
market, for it quickly abandons the attempt to 
ascribe to the word any particular meaning and 
plunges into an exposition of the problems that beset 
our economy. In this context, automation is merely 
@ synonym for any technical change in methods of 
manufacture leading to greater productivity, and 
little attempt is made, except in two chapters at the 
end which briefly list its advantages and disadvan- 
tages, to discuss in detail the specific effects of the 
introduction of automatic equipment on particular 
industries or occupations. 

Dr. Einzig is more concerned with the general 
economic problems of inflation, the business cycle 
and the balance of payments, and the part played in 
them by any form of labour-saving capital invest- 
ment; thus there is little in his views that will be 
new to a reader of the more popular financial 
journalists. He rightly sees technological change as 
only one of the possible causes of unemployment, 
which is itself unlikely so long as expansionist policies 
continue. The growth of large-scale mass-production 
industries, in his view, may have a stabilizing economic 
effect, because of the long periods during which their 
investment plans mature, although the scale of their 
production makes them more vulnerable in times of 
deflationary pressure. 

To the better-known reasons for believing that the 
dangers of the business cycle have been overcome, 
albeit at the cost of some continuing inflation, Dr. 
Einzig adds a new one which arises directly out of 
rising production itself. This is based on the time- 
lag between the steps taken to increase production, 
whether by increased employment or overtime or 
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increased capital investment, during which income j 
generated and the actual production of consum able 
goods. The effect of this ‘pipeline lag’ is to keep 
purchasing power ahead of the volume of «ood: 
available to consumers and so to maintain deniand. 
In other words, an increase of capital investment 
will not, as some economists have feared, cause © ver. 
production—although automation (or any other 
method of raising output by capital investment) may 
tend to exaggerate deflation during deflationary 
periods and inflation during inflationary periods. 

This argument seems to be in contradiction to Dr. 
Einzig’s view that automation reduces the extent of 
inflation by raising the output of goods and, by 
reducing the need for labour in the industries affected, 
weakening the power of the trade unions to demand 
wage increases under conditions of “‘overfull employ. 
ment”’ 

Ww hat is lacking in this analysis is any examination 
of the problem of the radically different rates of 
technical advance made possible in the mass. 
production consumer-goods industries and in the 
capital-goods industries—a matter of special im. 
portance in a country such as Britain, in which the 
rate of personal consumption at home is going to be 
more and more dependent on the ability to export 
capital goods to pay for imported food and raw 
materials. How are investment and output in these 
industries to be kept in balance ? 

Dr. Einzig recognizes that Britain is more likely 
to suffer from too slow an adoption of new methods 
than otherwise; but he exaggerates the extent to 
which, so far, the trade unions have resisted change. 
In the case of the Amalgamated Engineering Union, 
he assumes that this is because it is Communist con- 
trolled, which it is not. On the other hand, he has 
some justification for fearing that the narrowing of 
differentials may be having a harmful effect on the 
recruitment of the more skilled workers who will be 
required in industry. He also underlines the in- 
adequate remuneration at present received by 
research scientists and engineers ; but this leads him 
to the conclusion that a large proportion of them, 
because of their dissatisfaction with their conditions, 
are inclined to become Communists or ‘fellow- 
travellers’ and that their claims for higher pay must 
be satisfied in order to secure their political loyalty. 
Unsupported assertions of this nature must under- 
mine confidence in what purports to be a serious 
economic study. AUSTEN ALBU 


SHEFFIELD 


Sheffield and Its Region 

A Scientific and Historical Survey, Edited by David 
L. Linton. Pp. xxv+334+11 plates. (Sheffield: 
British Association for the Advancement of Science, 
1956.)* 


HOSE attending the annual meeting of the 

British Association have learned that, in a count) 
justly noted for generosity, the city of Sheffield has 
played no small part in making Yorkshire hospitality 
so well known. Before reaching the city, visitors 
received details of the impressive programme, the 
varied excursions and the detailed arrangemenis 
made for their comfort and convenience. They have 


* After the meeting, copies of “Sheffield and Its Region” will be 
obtainable from A. B. Ward, 24 Chapel Walk, Sheffield. 30s. 
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also been presented with a copy of a superbly pro- 
duced book, containing a scientific and historical 
survey Of Sheffield and its region. The book was 
produced under the general editorship of Prof. D. 
Linton, of the Geography Department, University of 
Sheffield, and will give pleasure not only to the 
recipients but also to all those inhabitants of Sheffield 
on whose behalf the book has been written for the 
guidance of visitors from home and overseas. 

- The potential value of the book emerges from an 
introduction which has been written with discerning 
skill. In his introduction the editor shows how the 
geographical containment of the city has limited and 
is bound to limit its growth as a regional capital 
which might be used for the devolution of many of 
the functions of central government. Yet this city 
of half a million people, the growth of which has 
been hindered by the hills around, has great pride in 
its achievements. This, as is well known, is largely 
bound up with its steel and cutlery industries ; these 
industries have given the city a community of interest 
which is probably unparalleled in any city of com- 
parable size in Great Britain. 

It is not surprising, therefore, that the story of 
Sheffield, described in this volume under so many 
headings, has its origins, in one way or another, 
either in its great metal-producing and metal- 
working industries or in the climatic variations which 
arise from its intricate geomorphological features. 
The latter are well described in sections prepared by 
Wilfrid Edwards and Prof. Linton himself. Climatic 
variations are explained by Dr. Alice Garrett, who, 
inter alia, shows how and why Sheffield must be 
regarded as one of the snowiest of the large cities of 
Great Britain. 

A study of the Palzolithic, Neolithic and Bronze 
Ages of the region has been made by A. Leslie Arm- 
strong, who, after describing a number of paleoliths 
which have been discovered, points out that the 
“master craftsmen” who made them possessed also 
“tools and perishable articles of bone, wood and 
leather”. The distinctive feature of the Iron Age in 
the region is the hill-fort, sixteen of which have been 
recorded, and the location of which is surveyed by 
J. E. Bartlett and F. C. Preston ; they also describe 
Roman occupation in the region, a point of special 
interest being that to-day one steelworks which 
produces vast quantities of steel is situated on the 
site of the Roman camp at Templeborough, which is 
known to have had its own furnaces for making 
iron, 

The history of Sheffield from the age of settlement 
to more recent times is considered by three of the 
University’s lecturers. One of the places to which 
visitors are attracted is the field at Dore on the 
outskirts of Sheffield where, in 829, King Ecgbert 
of Wessex, having planned to attack Northumbria, 
was met by King Eanred of Northumbria; Eanred 
is reputed to have paid homage to Ecgbert. As 
Mercia was in temporary eclipse to Wessex, some 
historians are prepared to recognize Ecgbert as the 
first king of all England ; his name is perpetuated in 
a street at Dore. 

One of the most interesting sections in the book is 
that devoted to the early industrial development of 
the region. This, by Prof. G. P. Jones, describes 
primitive forms of metal-working and how, by the 
late sixteenth century, there were already about a 
hundred collieries in the West Riding, South York- 
shire and Derbyshire ; although most of these were 
very small, even in 1599 one was producing at the 
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day. Favourable conditions, including ready access 
to rich supplies of good-quality iron ore, abundance 
of water-power, and nearness of good materials for 
making grindstones, led to the continued expansion 
of cutlery-making and, in 1624, by Act of Parliament 
the cutlers were made a self-governing corporation ; 
the “Company of Cutlers in Hallamshire” is one of 
Sheffield’s greatest prides. 

The second part of this magnificent book is given 
over to accounts of the economic development of 
Sheffield, the growth of its social institutions and the 
great contributions made by the city to the arts and 
sciences. A picture of Sheffield’s Development Plan 
is painted by the enterprising City Engineer, Henry 
Foster. 

Details of the Sheffield region to-day, including its 
agriculture, mining and quarrying, steel-making and 
engineering and lighter trades, and urban centres, are 
described in the third part of the book, while there 
are some interesting appendixes on natural history 
contributed by members of the Sorby Natural History 
Society. Of the quality of the book it is enough to 
say that it has been produced by the Oxford Univer- 
sity Press and is worthy of that Press. 

The story of Sheffield could not have been better 
presented. If there is an omission, it is that no one 
has been bold enough to assess the quality and 
character of the people to-day and of important 
social developments. Reference is made to the long- 
sighted efforts of the Bishop of Sheffield, who, more 
than ten years ago, saw that the parochial system of 
the Church had to be supplemented if religion were 
to mean anything in the lives of masses of people in 
big industrial communities. He founded his indus- 
trial mission which has served as a model for similar 
developments elsewhere. Mention might have been 
made of the city’s extraordinary collection of societies 
concerned, in one way or another, with better adminis- 
tration and human relations inside industry. Modesty, 
presumably, explains why no testimonial is given to 
the devoted work by so many of the region’s most 
influential men to the region’s many voluntary 
organizations. Youth organizations, particularly, 
have benefited not only by financial support but also 
by continuing and active personal help. On the 
cultural side, reference might have been made to the 
city’s weekly visits by the Hallé Orchestra, to its 
splendid professional repertory theatre which is 
largely administered by amateurs, and to the Little 
Theatre, where a distinguished warden has seen 
that the city does not lack performance of Greek 
plays. 

The quality of the people arises from the character 
of the city and its industries. Sheffield is a man’s 
city, and the men have been fashioned by centuries 
of dangerous work, much of it done at night when 
true fellowship is the more readily built up. The 
people are long-headed and cheerful. The latter 
characteristic may spring paradoxically from the 
grim character of the industrial quarter, since nowhere 
in Great Britain is there such a trek into the country 
by walkers and cyclists as pour from Sheffield into 
Derbyshire at the week-ends. People in Sheffield 


know that they are close to beautiful countryside ; 
unlike the inhabitants of many similarly placed in 
other cities, people in Sheffield regularly renew their 
links with Nature to look down on their city, which a 
former Vice-Chancellor of the University has said 
him of Florence seen from the sur- 
T. H. HAwEINS 


“reminds 
rounding hills’’. 
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THE NEUTRINO 
By Dr. FREDERICK REINES and Dr. CLYDE L. COWAN, jun. 


University of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico 


Spr new discovery of natural science broadens 
our knowledge and deepens our understanding 
of the physical universe ; but at times these advances 
raise new and even more fundamental questions than 
those which they answer. Such was the case, with 
the discovery and investigation of the radioactive 
process termed ‘beta decay’. In this process an 
atomic nucleus spontaneously emits either a negative 
or positive electron, and in so doing it becomes a 
different element with the same mass number but 
with a nuclear charge different from that of the 
parent element by one electronic charge. As might 
be expected, intensive investigation of this inter- 
esting alchemy of Nature has shed much light on 
problems concerning the atomic nucleus. A new 
question arose at the beginning, however, when it 
was found that accompanying beta decay there was 
an unaccountable loss of energy from the decaying 
nucleus’, and that one could do nothing to the 
apparatus in which the decay occurred to trap this 
lost energy*. One possible explanation was that the 
conservation laws (upon which the entire structure 
of modern science is built) were not valid when 
applied to regions of subatomic dimensions. Another 
novel explanation, but one which would maintain 
the integrity of the conservation laws, was a proposal 
by Wolfgang Pauli in 1933 which hypothesized a new 
and fundamental particle* to account for the loss of 
energy from the nucleus. This particle would be 
emitted by the nucleus simultaneously with the 
electron, would carry with it no electric charge, but 
would carry the missing energy and momentum—- 
escaping from the laboratory equipment without 
detection. 

The concept of this ghostly particle was used by 
Enrico Fermi (who named it the ‘neutrino’) to build 
his quantitative theory of nuclear beta decay‘. As 
is well known, the theory, with but little modification, 
has enjoyed increasing success in application to 
nuclear problems and has itself constituted one of 
the most convincing arguments in favour of the 
acceptance of Pauli’s proposal. Many additional 
experimental tests have been devised, however, which 
have served to strengthen the neutrino hypothesis ; 
and also to provide information as to its properties. 
The very characteristic of the particle which makes 
the proposal plausible—its ability to carry off energy 
and momentum without detection—has limited these 
tests to the measurement of the observable details of 
the decay process itself: the energy spectra, momen- 
tum vectors and energy states associated with the 
emitted electron and with the recoiling daughter 
nucleus’. So, for example, an upper limit has been 
set on the rest mass of the neutrino equal to 1/500 of 
the rest mass of the electron by careful measurement 
of the beta-energy spectrum from tritium decay near 
its end point®, and it is commonly assumed that the 
neutrino rest mass is identically zero. 

While there is no theoretical reason for the expecta- 
tion of a finite neutrino rest mass, there is some 
expectation for a small but finite neutrino magnetic 
moment of perhaps as much as 10-!° Bohr magneton 
based on a consideration of possible virtual states in 
which the neutrino may exist effectively dissociated 


into other particles’. An upper limit of 2 10 
electron Bohr magneton has been set on the tag. 
netic moment by calculations concerning the max. 
imum assignable heat transfer to the Earth by 
neutrinos from the Sun*. We have recently obtiined 
an improved upper limit of 10-® electron Bohr 
magneton using a large scintillation detector near a 
fission reactor at the Savannah River Plant of the 
United States Atomic Energy Commission. The 
counting rate of single pulses in an energy range of 
0-1—0-3 MeV. in 370 gallons of liquid scintillator was 
observed, and all changes due to reactor power 
changes were assigned to possible electron recoils in 
the liquid through magnetic moment interaction with 
neutrinos. It is hoped that this limit may be further 
improved by lowering the gamma-ray and neutron 
background at the detector. 

The Pauli-Fermi theory not only requires the 
neutrino to carry energy and linear momentum from 
beta-decaying nuclei but also angular momentum, or 
‘spin’. The simplest of beta-decay processes, the 
decay of the free neutron®, illustrates this : 

n+p" +P + ¥_ (1) 


As the neutron, proton and beta particle all carry 
half-integral spin, it is necessary to assign a spin 
quantum number of 1/2 to the neutrixo to balance 
the angular momenta of equation (1), where any two 
of the three product particles must be oriented with 
spin vectors antiparallel. As all four of the particles 
in equation (1) are, therefore, fermions and should 
obey the Dirac relativistic wave equations for spin 
1/2 particles, there are presumably antiparticles 
corresponding to each, of which as yet only the 
anti-electron (or positron) and the antiproton have 
been identified. The antiparticle corresponding to 
the neutrino in equation (1) may be obtained by 
rearrangement of the terms in the following manner : 

pt >n® + Bt + vy, (2) 
This process is observed in positron decay of proton- 
rich radioactive nuclides where the proton and 
daughter neutron are both constituent nucleons. 
Further rearrangement results in the reaction : 

B- + pt on? + vy (3) 
This is descriptive of the capture of an electron from 
one of the inner atomic shells by a nuclear proton 
and is equivalent to equation (2). The question of 
the identity of the neutrino, v,, appearing in equations 
(2) and (3) with the neutrino, v_, appearing in 
equation (1) thus arises. With no finite mass or 
magnetic moment yet measured for either of the 
neutrinos, one is under no compulsion to assume 
that they are not in fact identical. The rule of 
algebraic conservation of fermions, which states that 
fermions are produced or disappear in particle—anti- 
particle pairs, requires the v_ of equation (1) to be 
named ‘antineutrino’, since it is emitted with a 
negative electron. The identity or non-identity of 
the neutrino, v,, and the antineutrino, v_, although 
of no observable significance in single beta decay, 
should be amenable to test by measurement of the 
decay constant for double beta decay of certain 
shielded isotopes. This process was studied theoretic- 
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ally by M. Goeppert-Mayer’® for the case in which 
neutrinos are not identical with antineutrinos and by 
Furry'! for the case in which the two neutrinos are 
identical, as proposed by Majorana’*.. Double beta 
decay is typified by the possible decay of neodymium- 
150: 
160Nd — Sm + 28- + 2v_ (Dirac—Mayer) (4a) 
150Nd -> 5°Sm + 28- (Majorana—Furry) (4b) 


If the neutrino and antineutrino are identical, then 
the virtual emission of one neutrino and its immediate 
reabsorption by the nucleus are equivalent to the 
real emission of two neutrinos, and equation (45) is 
applicable. This cancellation is not possible if the 
neutrino and antineutrino differ. The half-lives for 
processes such as equation (4) have been shown by 
Primakoff!* and by Konopinski'* to be quite different 
in the two cases, of the order 10'* years for equation 
(4a) and 10'° years for equation (4b), where 5-4 MeV. 
ig available for the decay. Furthermore, a line 
spectrum for the total energy of the two beta 
particles is to be expected for the Majorana—Furry 
case (equation 4). 

That a decay period consistent with equation (4b) 
does not exist has been shown for a number of 
shielded isotopes’, first by Kalkstein and Libby, 
then by Fireman and Schwarizer for tin-124; by 
Awschalom: for calcium-48 ; and our associates and 
us for neodymium-150. In the neodymium-150 
experiment, a lower limit of 4 x 10" years (corre- 
sponding to one standard deviation in the back- 
ground) was set on the mean life against Majorana— 
Furry decay. This limit is to be compared with a 
reasonable value on this hypothesis of 1-3 x 10% 
years and one calculated for identical neutrinos (using 
most severe assumptions) to be 6 x 10** years. The 
conclusion remains that the neutrino and anti- 
neutrino are distinct particles with an as yet un- 
detected ‘difference’. This conclusion is further 
supported by the negative results of an experiment 
recently reported by R. Davis’® employing the 


reaction : 
7Cl + v, > 7A + B- (5) 


The chlorine target was supplied by 1,000 gallons of 
carbon tetrachloride placed near a large reactor, and 
the liquid was tested for the presence of argon-37. 
Fission fragments, being rich in neutrons, should 
emit only the antineutrino, v_. 

While careful reasoning from experimental evidence 
gathered about all terms in the beta-decay process— 
except the neutrino—may support the inference that 
& neutrino exists, its reality can only be demonstrated 
conclusively by a direct observation of the neutrino 
itself. If the neutrino is a real particle carrying the 
missing energy and momentum from the site of a 
beta decay, then the discovery of these missing items 
at some other place would demonstrate its reality. 
Thus, if negative beta decays as in equation (1) could 
be associated at another location with the inverse 


reaction : 
v. + pt + Bt + (6) 


which is observed to occur at the predicted rate, the 
case would be closed. An expression for this reaction 
cross-section has been obtained by application of the 
principle of detailed balancing to equation (1), 
knowing the decay constant and electron energy 
spectrum for the beta decay of free neutrons : 
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where o is the cross-section in cm.?; G* (= 44 x 
10-**) is the dimensionless lumped beta-coupling 
constant based on neutron decay®; and p, m and v 
are the momentum, mass and speed of the emitted 
positron, respectively, c is the speed of light, and 
2rh is Planck’s constant, all in c.g.s. units. For 
neutrinos of 3-MeV. energy incident on free protons, 
this cross-section is 10-** cm.*. Explicit solution of 
equation (6) for the cross-section as a function of the 
neutrino energy yields : 


o = 1-0 x 10-“ x (E-a) «/(E-a)* — I (em) (8) 


where a +1 (= 3-53) is the threshold for the 
reaction and J is the neutrino energy, both in units 
of m,c*. The threshold for a proton bound in a 
nucleus is higher by an amount equal to the energy 
difference between the target and daughter nuclei. 
It is interesting to note that the penetrability of 
matter is given by equation (8) to be infinite for 
neutrinos with low energies (Z < @ + 1) and is very 
large for neutrinos of only a few MeV., the mean free 
path for absorption being measured in the latter 
case in terms comparable to the radius of the 
universe. 

Equation (6) may be employed in an experiment 
in which a large number of hydrogen atoms are pro- 
vided as targets for an intense neutrino flux and are 
watched by a detector capable of recording the 
simultaneous production of a positron and a neutron. 
Such a direct experiment is made possible by the 
availability of high beta-decay rates of fission frag- 
ments in multi-megawatt reactors and advances in 
detection techniques through the use of liquid scin- 
tillators. An estimate of the neutrino flux available 
from large reactors shows that a few protons should 
undergo reaction (6) per hour in 50 litres of water 
placed near the reactor. The problem, then, is to 
observe these events with reasonable efficiency 
against the background of reactor neutrons and 
gamma-rays, natural radioactivity and cosmic rays. 
In an experiment conducted at the Hanford Plant 
of the Atomic Energy Commission by us!” in 1953, 
an attempt was made in this direction. The target 
protons were supplied by 300 litres of liquid scin- 
tillator (toluene plus trace amounts of terphenyl, and 
alpha-naphtha-phenyloxayole in which cadmium 
propionate was dissolved). A delayed coincidence- 
rate of pairs of pulses, the first of each pair being 
assignable to the positron and the second to a neutron 
capture in cadmium, of 0-4 + 0-2 counts per minute 
was observed, in agreement with the predicted rate, 
and with a large reduction in the backgrounds men- 
tioned above. The signal-to-total-background ratio, 
however, was still very low (1/20), rendering further 
testing of the signal impractical and leaving the 
results tentative. On the basis of the Hanford 
experience it was felt that the detection problem was 
soluble in a definitive manner, and a second experi- 
ment was designed!* with the view of further reduc- 
tion of backgrounds and providing means for checking 
each term of equation (6) independently. 

Fig. 1 is a schematic diagram of the detection 
scheme employed in this experiment. The sequence 
of events pictured is as follows: a neutrino from the 
decay of a fission fragment in a reactor causes a 
target proton to be changed into a neutron with the 
simultaneous emission of a positron. The positron is 
captured by an electron in the target water, emitting 
two 0°51-MeV. annihilation gamma-rays, which are 
detected simultaneously by counters I and Il. The 
neutron moderates and diffuses for several micro- 
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Fig. 1. Schematic diagram of neutrino detector 


seconds and is finally captured by the cadmium 
giving a few gamma rays (totalling 9 MeV.), which 
are again detected by I and Il. Thus we have a 
prompt coincidence followed in several microseconds 
by a second prompt coincidence, providing a very 
distinctive sequence of events. 

The over-all size of the equipment was set by the 
number of events expected per hour per litre of 
water, and the detection efficiency one could hope to 
achieve. A primary factor in the design geometry 
and detection efficiency was the absorption of the 
positron annihilation radiation by the target water 
itself. Experimentation and calculations showed 
that an optimum water thickness was 7-5 cm. Since 
the over-all efficiency dictated a target volume of 
about 200 litres to yield several counts per hour, two 
target tanks were used, each measuring 1-9 m. x 
1-3 m. xX 0-07 m. The depth of the liquid scintil- 
lation detector (61 cm.) was such as to absorb the 
cadmium-capture gamma-rays with good efficiency 
and transmit the resultant light to the ends of the 
detector with minimal loss. The scintillating liquid 
(triethylbenzene, terphenyl and POPOP wave-length 
shifter) were viewed from the ends of each detector 
tank by 110 5-in. Dumont photomultiplier tubes, a 
number determined primarily by the amount of light 
emitted in a scintillation. The complete detector 
consisted of a ‘club sandwich’ arrangement employing 
two target tanks between three detector tanks, com- 
prising two essentially independent triads wh‘ch used 
the centre detector tank in common. The entire 
detector was encased in a lead—paraffin shield and 
located deep underground near one of the Savannah 
River Plant production reactors of the United States 
Atomic Energy Commission. Signals from the 
detectors were transmitted via coaxial cables to an 
electronics trailer located outside the reactor building. 
The pulses were analysed by pulse-height and time- 
coincidence circuits and, when acceptable, were 
recorded photographically as traces on triple-beam 
oscilloscopes. Fig. 2 is a record of an event in the 
bottom triad. The entire system was calibrated 
using a plutonium—beryllium neutron source and a 
dissolved copper-64 positron source in the target 
tanks ; and standardized pulsers were used to check 
for stability of the electronics external to the detector 
itself. The response of the detector to cosmic ray 
u-mesons was also employed as a check on its per- 
formance. After running for 1,371 hr., including 
both reactor-up and reactor-down time, it was 
observed!® that : 

(1) A signal dependent upon reactor-power, 2-88 + 
0-22 counts/hr. in agreement with the predicted*° 
cross-section (6 x 10-** cm.*), was measured with a 
signal-to-reactor associated accidental background in 
excess of 20/1. The signal-to-reactor independent 
background ratio was 3/1. 
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(2) Dilution of the light water solution in the 
target tank with heavy water to yield a proton 
density of one-half normal caused the reactor sivnal 
to drop to one-half its former rate. The efficiency of 
neutron detection measured with the plutonium- 
beryllium source was unchanged. 

(3) The first pulse of the pair was shown tw be 
positron annihilation radiation by subjecting it to 
number of tests: its spectrum agreed with the 
spectrum of positron annihilation radiation from 
copper-64 dissolved in the water, and it was absorbed 
in the expected manner by thin lead sheets inserted 
between the target tank and one detector. 

(4) The second pulse of the pair was identified as 
due to the capture in cadmium of a neutron born 
simultaneously with the positron by virtue of its 
capture-time distribution as compared both with 
calculations and observations with a neutron source. 
The second pulse spectrum was consistent with that 
of cadmium-capture gamma-rays, and removal of the 
cadmium resulted in disappearance of the reactor 
signal. 

(5) Reactor-associated radiations such as neutrons 
and gamma-rays were ruled out as the source of the 
signal by two kinds of experiment. In the first, a 
strong americium—beryllium neutron source was 
placed outside the detector shield and was not only 
found very inefficient in producing acceptable delayed 
coincidences but was also found to produce a first- 
pulse spectrum which was unlike the required signal 
in that it was monotonically decreasing with in- 
creasing energy. In the second experiment an 
additional shield, which provided an attenuation 
factor of at least 10 for reactor neutrons and gamma- 
rays, was observed to cause no change in the reactor 
signal outside the statistical fluctuations quoted in (1). 

Completion of the term-by-term checks of equation 
(6) thus demonstrated that the free neutrino is 
observable in the near vicinity of a high-power 
fission reactor. 











Fig. 2._ A characteristic record. Each of the three oscilloscope ~ 
traces shown corresponds to a detector tank. The event recorded 
occurred in the bottom triad. First seen in coincidence are the 
‘positron’ annihilation gamma-ray pulses in each tank followed in 
5-5 usec. by the larger ‘neutron’ pulses. The amplification was 
chosen in this case to enable measurement of the neutron pulses. 
A second oscilloseope with higher amplification was operated in 
paralle] to enable measurement of the positron pulses 
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The availability of neutrinos from reactors in 
sufficiently intense fluxes has opened a number of 
interesting possibilities. One arises from the use of 
heavy water to dilute the proton target as described 
above. This test was valid because the threshold for 
the neutrino interaction with the deuteron is higher 
by 2:2 MeV., the binding energy of the deuteron, 
than the threshold energy for equation (6), and the 
cross-section is for this reason an order of magnitude 
smaller; other considerations reduce it still further. 
The neutrino—deuteron interaction is itself, however, 
of interest, as two alternatives arise : 

v_+D (8a) 


(8b) 


>Br+ntn 


v.+D—>6t+n, 


where n, is the bound state of the bineutron®', as yet 
unobserved. If reaction (8a) were observed to occur, 
then a careful measurement of its rate relative to 
the rate of reaction (6) and a knowledge of the fission 
neutrino spectrum should enable a direct determina- 
tion of the ratio of the Fermi and Gamow-Teller 
coupling constants in beta decay. This follows from 
the fact that the coupling constant in equation (6) 
includes @ mixture of both types, whereas in (8a) it 
is composed of the Gamow-—Teller constant alone. [f, 
on the other hand, equation (8b) were observed, not 
only would these considerations hold, but also the 
existence of a bound state of the bineutron, which 
would necessarily be a singlet state (antiparallel 
spins) because of the Pauli exclusion principle, would 
bear directly on the question of the dependence of 
nuclear forees on charge. This follows because the 
singlet state of the (n, p) system is known to be 
unbound. As the two neutrons in equation (8a) can 
possess only a few kilovolts of energy when produced 
by fission-fragment neutrinos, and as they leave the 
event in antiparallel spin states, the conditions seem 
favourable for the formation of bineutrons, even if 
the binding energy were only tens of kilovolts. 

Since the proposal of the neutrino hypothesis by 
Pauli and its success in Fermi’s theory of nuclear 
beta decay, the particle has been called upon to play 
similar parts in the observed decay of a number of 
different mesons*?. The question arises as to the 
identity of these neutrino-like particles with the 
neutrino of nucleon decay. It is te be noted that in 
nuclear beta decay the initial and final nuclei both 
quite obviously interact strongly with nuclei. This 
is not the case in (x, 4) decay, where the emission of 
a ‘neutrino’ converts the interaction of the heavy 
particles with nuclei from strong to weak. Further- 
more, despite the apparent equality of the nuclear 
beta-decay matrix elements with those associated 
with (u, 8) decay, both the initial and final products 
of the latter interact weakly with nuclei. 

The neutrino is the smallest bit of material reality 
ever conceived of by man ; the largest is the universe. 
To attempt to understand something of one in terms 
of the other is to attempt to span the dimension in 
which lie all manifestations of natural law. Yet even 
now, despite our shadowy knowledge of these limits, 
problems arise to try the imagination in such an 
attempt. If nuclear reactions played a part in a 
cataclysmic birth of the universe as we assume, what 
fraction of the primordial energy was quickly drained 
into the irreversible neutrino field? Are these 
neutrinos—untouched by anything from almost the 
beginning of time—trapped by the common gravi- 
tational field of the universe, and if so, what is their 
present density, their energy spectrum and angular 
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distribution ? Do neutrinos and antineutrinos exist 
in equal numbers? If the neutrino has zero rest 
mass, is it to be considered with ‘matter’ particles in 
discussing its gravitational potential, or with electro- 
magnetic radiation ? The problem of detecting these 
cosmic end-products of all nuclear energy generation 
processes and the measurement of their character- 
istics presents a great challenge to the physics of 
to-day. 

The known properties of the neutrino are sum- 
marized below. 


PROPERTIES OF THE NEUTRINO 


Spin: 1/2h, 

Mass: < 1/500 electron mass, if any. 

Charge: 0. 

Magnetic moment: < 10°° Bohr magneton 

Cross-section for reaction: »_ + pt — B+ + n° at 3 MeV. = 10-* cm.?, 
Neutrino v, not identical with antineutrino »_ 


Our work and that of our associates reported in 


this paper were supported by the United States 
Atomic Energy Commission. 


’ Chadwick discovered that the beta spectrum was continuous. L. 
Meitner suggested in 1922 that a quantized nucleus should not be 
expected to emit a continuous spectrum, and Ellis found non- 
conservation of energy from experiments on the emitted electron. 
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NUCLEAR COOLING 


By Dr. N. KURTI, F.R.S., Dr. F. N. H. ROBINSON*, Sin FRANCIS SIMON, C.B.E., F.R.S., 
* and D. A. SPOHR 


The Clarendon Laboratory, Oxford 


N various laboratories temperatures of the order 
of 1 millidegree above absolute zero have been 
reached by the magnetic cooling method using the 
isentropic demagnetization of an electron para- 
magnetic substance. The lowest temperature which 
may usefully be reached in this way is limited by the 
presence of interactions (dipole-dipole, exchange, etc.) 
between the electron spins. Soon after the first 
successful magnetic cooling experiments it was 
suggested’»* that by demagnetization of nuclear spins 
much lower temperatures might be reached at which 
the nuclear spins would become ordered. 

The feasibility of nuclear demagnetization experi- 
ments was discussed in some detail in 1939 by 
Simon’. He pointed out that, in order to remove an 
appreciable part of the nuclear entropy, field and 
temperatures of the order of 50 k.gauss at 0-01° K. 
would be necessary. 

The first step in a nuclear cooling experiment is to 
magnetize, that is polarize, the nuclear spins. Halban‘ 
directed attention in 1937 to the possible utility of 
oriented nuclear systems in the study of nuclear 
reactions, and Spiers’ calculated the angular distri- 
bution of emissions to be expected from oriented 
radioactive nuclei. Since such experiments do not 
necessitate demagnetization, use could be made of 
atomic and molecular fields for orienting the nuclei. 
Various methods have been proposed and used 
experimentally ; an account will be found in the 
review article by Ambler and Hudson published in 
1955*. More recently, indium nuclei have been 
polarized using an external magnetic field by Dabbs, 
Roberts and Bernstein’ (1955). From these diverse 
experiments information about the spins and parities 
of excited states of about a dozen nuclides have been 
obtained. 

As a result of these successful applications, work 
on nuclear demagnetization at the Clarendon Labora- 
tory has, since the pioneer experiment of Hatton 
and Rollin in 1949*, been understandably relegated 
to second place. Those authors demagnetized a 
crystal of calcium fluoride from a field of 4,000 gauss 
at 1-2° K. to 500 gauss. The temperature of the 
fluorine nuclear spin system was deduced from the 
strength of a nuclear resonance signal, and was 
observed to fall to 0-17° K., rising to 1-2° K. with 
a relaxation time (spin-lattice) of 60 sec. In their 
experiment, however, the entropy removed from the 
nuclear spin system was extremely small (10-* per 
cent) compared with the entropy content of the 
lattice, and so no appreciable cooling of the system 
as @ whole could result. The same consideration also 
applies to the ingenious series of experiments de- 
scribed in 1951 by Pound, Purcell and Ramsey®. 

More recently, interest has been renewed in the 
problem, and we have made some progress towards 
the realization of our aim, which is to effect an 
appreciable reduction of entropy in a nuclear spin 
system by an external magnetic field, and so to 
obtain information about nuclear interactions in 
solids by measuring the temperature reached on 
subsequent demagnetization. 

* English Electric Research Fellow. 


Nuclear cooling involves the following steps. The 
nuclear paramagnetic substance is magnetized in 
large field and the heat of magnetization absorbed 
by a thermal sink at 0-01° K. or thereabouts. The 
field is then reduced to zero, when if the process 
occurs adiabatically the nuclear spins cool to a 
temperature determined by the initial temperature, 
the applied field and the nuclear interactions. 

A heat sink at 0-01° K. can only be an electron 
paramagnetic material which has been previously 
demagnetized (from a few tens of k.gauss at about 
1° K.) to practically zero field. It must necessarily 
be some way away from the nuclear specimen if the 
latter is to be magnetized. Daniels’® has designed a 
water-cooled solenoid capable of producing fields 
adequate for nuclear demagnetization and so arranged 
that, 23 cm. away from the centre of the coil, the 
field is reduced to less than 0-1 per cent over a 
region large enough to accommodate the heat sink. 
This magnet was used in the experiments to be 
described. 

In order for the heat of magnetization of the 
nuclei to be transferred to the heat sink in a reason. 
able time (say, less than half an hour), it is first of 
all necessary that the nuclear spin-lattice relaxation 
time be short enough. This is most easily achieved 
by using a metal, since it is known*! that in metals 
this time is of the order of seconds at 1° K. and can 
be expected to be of the order of minutes at 0-01° K. 

It is, however, essential, if a metal is used, to 
take precautions to prevent eddy-current heating of 
the specimen due to ripple fields and to the changing 
flux on demagnetization. The former can be avoided 
to a certain extent by using @ very smooth d.c. 
source to energize the magnet and by placing a 
thick copper screen around the cryostat. The latter 
can only be avoided by subdividing the specimen 
into a large number of insulated segments. To 
indicate the importance of these precautions: the 
total heat of nuclear magnetization for a solid copper 
cylinder 1 cm. in diameter and 5 cm. long in a field 
of 30 k.gauss at 0-01° K. is of the order of 10* ergs, 
while the heat generated in the cylinder during the 
reduction of this field to zero in two minutes is 
about one hundred times this value. 

Kurti!* has discussed various types of heat link, 
and concluded that a copper link of reasonable 
dimensions would give adequate heat transfer. 
Copper is not only readily available as thin insulated 
wire but also has desirable nuclear properties (see, 
for example, ref. 3). It is therefore convenient to 
use copper both in the heat link and in the nuclear 
stage itself. The latter can then be made simply as 
an extension of the link. 

Heat transfer from the link to the paramagnetic 
salt constituting the sink, and stray heat influxes 
to the specimen, have been the two major stumbling 
blocks in this research. 

It is known?*>1* that the heat flow between copper 
fins and a pressed paramagnetic salt in contact over 
the macroscopic area A can be expressed by the 


equation : 
Q=aA(T,°—T,?) (1) 
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where 7', and 7’, are the temperatures on the two 
boundary surfaces, and « is of the order of 10* ergs 
em.-? deg.-* sec.-'. Since we wished to transfer 
quantities of heat of the order of 1,000 ergs in a few 
minutes at about 0-01° K., it is clear that the area 
of contact must be several hundred square centi- 
metres. Early attempts by Robinson to achieve 
such a heat transfer using powdered chrome potas- 
sium alum compressed about copper fins or wires 
failed. It was comparatively easy to achieve areas 
of contact of the order of 10-50 cm.? which were 
adequate at temperatures above 0-1° K., but it 
was found mechanically impossible to increase this 
area greatly. Robinson'® found, however, that if the 
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alum were made into a slurry with a mixture jof 
glycerol and water, it was possible to obtain the same 
degree of thermal contact as is represented by 


equation (1) without applying pressures. It is then 
feasible to make an assembly of a paramagnetic salt 
having @ relatively complex fin or wire system 
embedded in it and thus to obtain a large area of 
contact. Using this technique, Kurti and Spohr 
have constructed a specimen and used it in the 
experiment now to be described. (This experiment 
constitutes part of a D.Phil. dissertation to be 
presented by D. A. Spohr to the University of 
Oxford.) 

A photograph of the specimen and cradle is 
reproduced in Fig. 1, together with a schematic 
diagram of the essential features. The heat link 
connecting the top and bottom pills consists of 
1,540 enamelled copper wires (40 s.w.G.) embedded 
uniformly at their top ends over the cross-section of 
a glycerol-chrome potassium alum slurry (of about 
16 gm.) enclosed in a ‘Perspex’ container. The 
contact area between the metal and the slurry was 
calculated to be 400 cm.*. At the lower ends the wires 
are folded over four times in a length of about 7 cm. 
to form the nuclear ‘specimen’, which thus contains 
approximately 0-75 gram atom of copper. 

In this preliminary experiment, no heat switch 
was used between the stages. The contact resistance 
between the link and the paramagnetic salt, together 
with the expected spin-lattice relaxation time, made 
it possible to measure nuclear temperatures after 
demagnetization and before the nuclear system 
warmed again to the temperature of the heat sink, a 
process which took two to three minutes. 

The assembly shown in the photograph was 
mounted inside a loosely suspended ‘capsule’ con- 
sisting of a double-walled brass tube, the top part 
of which contained 25 gm. of manganous ammonium 
sulphate, cooled by demagnetization at the same 
time as the chrome alum pill. The bottom part of 
the capsule surrounding the nuclear stage was kept 
in good thermal contact with the manganous salt by 
means of liquid helium and by thin copper wires 
running longitudinally between the brass walls. 
The purpose of the capsule was to reduce stray heat 
influxes into the system due to vibration, gas recon- 
densation and conduction down the glass suspensions. 
Prior experiments with the capsule and with a 
specimen in which the folded-up nuclear stage was 
replaced with a pill of cerium magnesium nitrate 
(used as @ magnetic thermometer) indicated that the 
heat influx to the bottom of the link was about 1 erg 
per min. The same experiments also showed that 
10 min. after demagnetization of the heat sink, the 
lower end of the heat sink had reached 0-011° K. 
From the slope of the cooling curves and the known 
heat, capacity of the cerium salt, it was possible to 
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Fig. 1. Heat sink, heat link and nuclear specimen in cradle 


deduce that the heat transfer between the salts and 
the link was approximately that predicted by 
equation 1. 

The temperature of the nuclear spin system was 
obtained from ballistic measurements of its suscep- 
tibility, assuming that the latter obeyed Curie’s law. 
The calibration of the system was calculated from 
the theoretical nuclear susceptibility of copper 

7 -7 
uo e ee a = per gram atom) and from the sensi- 
tivity of the measuring circuit. This was determined 
by measurements at liquid-hydrogen temperature of 
a specimen of manganous ammonium sulphate of the 
same size as the nuclear stage. The sensitivity can 
be expressed by the equation : 


8y =3°-4 x 10-5/T cm. (2) 


for a reversal of the primary field of 7-8 gauss. 
Unfortunately, it was not also possible to calibrate 
the ballistic system in the conventional way by 
observing the galvanometer deflexion at various 
known temperatures above 0-01° K. This was 
partly because of the extremely small value of the 
nuclear susceptibility in this calibration range, and 
partly because at these temperatures the nuclear 
susceptibility is masked by a susceptibility probably 
arising from paramagnetic impurities in the copper 
wire (cf. ref. 16), and insulation. The interpretation 
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of the ballistic measurements is also complicated by 
the proximity of a large mass of paramagnetic 
material in the heat sink and capsule. The effect of 
this and of the paramagnetic impurities on the 
measured susceptibility was determined by a control 
experiment in which the nuclear stage was located 
outside the influence of the primary field. 

In the nuclear cooling experiment, the electronic 
stage (sink) was first cooled by demagnetization from 
approximately 1° K. and 20 k.gauss to about 0-01° K. 
The nuclear stage was then slowly magnetized in 
fields of up to 28 k.gauss. The resulting reduction 
of entropy for this field was about 1 per cent of the 
total nuclear entropy of 2-8 cal./deg./gram atom. 
The field was maintained at its full value for various 
times ranging from 5 to 20 min. and then reduced 
to zero at a rate of between one-half and one k.gauss 
per sec. Readings of the ballistic deflexion were 
taken at about 10-sec. intervals starting some 13 sec. 
after the field had reached zero. 

Fig. 2 shows the deflexion 3y obtained for a field 
reversal of 7-8 gauss as a function of the time after 
complete demagnetization. The corresponding values 
of T calculated by equation 2 are also indicated. The 
different curves correspond to different values of the 
initial field as given in Table 1. By extrapolating 
these curves back to zero time, an estimate of the 
magnetic temperature reached immediately after 
demagnetization can be obtained. It will be seen 
that, using the largest field, this is about 20 x 10-* °K. 

It has already been mentioned that paramagnetic 
impurities might contribute a susceptibility of the 
same order as that due to the nuclei. It is, never- 
theless, unlikely that the large relative changes in 
susceptibility after demagnetization could be due to 
that cause. For such large deflexions to occur, the 
electron paramagnetic would have to behave very 
nearly ideally, and even then one would not expect 
any appreciable change in the entropy (that is, a 
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further increase in deflexions) for values of H/7? 
larger than about 50 k.gauss per deg. (The differenge 
in heat of magnetization for a gram atom of a perfect 
electron paramagnetic between H/T’ =300 and H/T = 
2,300 kgm./deg. is 10-* ergs at 0-012° K.) Fig. 9 
shows, however, that progressively lower temperatures 
were reached for values of H/T of up to 2,300 k.gausgg 
per deg. 

As it can be assumed that Curie’s law is obeyed 
even at the lowest temperatures during this experi. 
ment, then one can estimate the magnitude of the 
temperature @y characterizing the nuclear inter. 
actions’. If 7; is the initial temperature, H; the 
field before demagnetization, and 7'7 the temperature 
reached immediately upon demagnetization, then 
Oy is given by: 

Hj 


Oy = Ts kT; 
v 


(3) 


where uw is the nuclear moment. Assuming that 
T;=0-012° K., and using the dotted line extrapola- 
tions in Fig. 2 to estimate 77, one obtains the values 
given in Table 1 for the different curves shown in 
Fig. 2. 
Table 1 

No of curve. y 3 5 6 
Initial field ‘ 20-9 27°83 k.gauss 
6y x 10° 2:26 3-00 


Tt will be seen that the results are in rough agree- 
ment from run to run. The average value of 6y, 
namely, 2-3x10-* °K., may be compared with the 
calculated value for the temperature of the nuclear 
co-operative anomaly in copper (4 x 10-* °K.) given 
by the theory of Fréhlich and Nabarro?’. 

From the present experiment it is not possible to 
decide whether the conduction electrons and the 
lattice also participate in the cooling. The rate of 
warming up is compatible with both the estimated 
nuclear spin-lattice relaxation time and the heat 
transfer coefficient between the nuclear stage and the 
heat sink. There are two arguments in favour of the 
hypothesis that the electrons participate in the 
cooling process, and thus, that there is a thermal! 
equilibrium established in the whole specimen (the 
lattice in any event has a negligible thermal capacity). 
One is that if the cooling and subsequent warming 
up were due to nuclear spins only, then 8y (or 1/7) 
would be a linear function of time by virtue of the 
dependence of the nuclear specific heat on 1/7. As 
can be seen from Fig. 2, that is not so (at least at the 
higher temperatures) and the curves indicate a heat 
capacity increasing with temperature. Further, the 
mechanism which produces the co-operative anomaly 
considered by Fréhlich and Nabarro involves the 
participation of the electron spins. If that were not 
the case, the expected anomaly would occur at a 
much lower temperature (~10-? °K.) in contradiction 
to the value estimated from these results. 

These experiments have shown that by using 
nuclear demagnetization one can reach temperatures 
below those accessible with electron paramagnetics. 
They also furnish direct evidence of the interactions 
between nuclei in metals. We have therefore thought 
it worth while to describe these first exploratory 
experiments, which we hope in due course to improve 
by the use, for example, of a heat switch, and also to 
extend to materials other than copper. It should be 
emphasized that the importance of this type of 
experiment is not so much in the lowness of the 
temperature achieved, but rather in the information 
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we may hope to gain about the behaviour of nuclear 
spins in solids and their interaction with their 
environment. 
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BIOLOGICAL HAZARDS OF NUCLEAR AND OTHER 
RADIATIONS 


By Dr. C. AUERBACH 


HE dangers of ionizing radiation to human 

health have long been recognized by a small 
circle of experts. The early radiologists had to pay 
a tragic toll of death and disease for their ignorance 
of the cellular damage caused by radiation, and 
geneticists, foremost among them Muller, have for 
many years warned against the much less obvious, 
but in no way less real, danger to future generations. 
Only during the past year or two has a wide 
public become disturbed about the biological effects 
of ionizing radiation because of their connexion with 
nuclear fission. Fantastic over- and under-estimates 
of these effects have appeared in the popular press 
and have been used as ammunition in the war of 
opinions between those who oppose and those who 
support the continuation of atom and hydrogen 
bomb tests. The more sober and cautious statements 
of the biologists themselves tend to be regarded with 
suspicion as being biased by political convictions. 
It is therefore greatly to be welcomed that authorita- 
tive digests of scientific experience and opinion have 
been prepared and published independently in Great 
Britain and the United States*. The British report 
has been commissioned by the Government, the 
American one by the National Academy of Sciences. 
Both have been prepared by leading authorities in 
physics, medicine, genetics and allied fields, the 
British one by a committee appointed by the Medical 
Research Council, the American one by six separate 
committees dealing with the impact of radiation on 
genetics, pathology, meteorology, oceanography and 
fisheries, agriculture and food supplies, disposal and 
dispersal of radioactive wastes. The American report 
thus covers a very wide field, including such questions 
as the possible influence of atomic bomb tests on the 
weather or the use of isotopes in agricultural and 
oceanographic research, while the British report, 
after an introductory chapter on the nature of 
radiation and its action on living cells, is concerned 
only with the proved or possible effects on the 
individual, his immediate progeny, and future 
human populations. 


* Medical Research Council. The Hazards to Man of Nuclear and 
Applied Radiations. (Cmd. 9780. Pp. vii+128. (London: H.M. 
Stationery Office, 1956.) 5s. 6d. n 

National Academy of hogs MO Research Council. The 

Biological Effects of Atomic Radiation : a Report to the Public from 
a Study by the National Academy of Sotencen Pp. ii+40. The Bio- 
logical Effects of Atomic Radiation : Summary Reports from a Study 
by the National Academy of Sciences. Pp. xiv +108. (Washington, 


D.C.: National Academy of Sciences—National Research Council, 


1956.). 


Although only the British report indicates in its 
title that nuclear fission is not the sole source of 
ionizing radiation, it is clear from both reports that 
the present dangers arise much more from excessive 
use of X-rays than from bomb fall-out or from 
atomic energy establishments. Thus, ironically, the 
public anxiety about nuclear weapons has resulted in 
reports which emphasize long-neglected dangers in 
medical practices. In Britain, X-ray diagnosis, 
mainly of hip, lumbar spine, lower abdomen and 
pelvis, adds at least 22 per cent and possibly much 
more to the average amount of natural radiation 
(3 r.) which the gonads receive during the genetically 
important period from conception to thirty years. 
In the United States, X-rays are estimated to add 
3r. to a background radiation of 4-3r. Even 
allowing for the facts that this figure includes thera- 
peutic as well as diagnostic X-rays and may represent 
@ maximum compared with the British minimum, 
this amazingly high contribution of X-rays to the. 
gonad dose of the average American reflects the 
excessive usé of X-rays in that country. Both 
reports agree in considering the present level of 
ionizing radiation due to nuclear fission as negligibly 
small, and in estimating that this level would rise to 
about 1 per cent of the normal background radiation, 
if nuclear weapon testing should continue at the 
present rate. The formidable technical problems 
which even in the near future will be posed by the 
accumulation of radioactive waste are brought home 
by the forecast that in 1965 nuclear reactors in the 
United States will be producing somewhat more 
than 10 kgm. of fission products per day. 

The hazards to the exposed individual himself are 
negligibly small when accidents or nuclear warfare 
are excluded... A shortened expectation of life 
through accumulated low doses of radiation, which 
is mentioned in the British report only as a hitherto 
unproved possibility, is suggested by American data 
on the comparative life-spans of radiologists and other 
physicians. Repeated exposure to doses which are 
individually harmless may increase the incidence of 
leukaemia, as shown by a follow-up of British patients 
who had received prolonged X-ray treatment for 
ankylosing spondylitis. The British report recom- 
mends, therefore, that no individual should receive 
more than 200 r. of total body radiation, spread over 
tens of years, and that the maximum weekly exposure, 
averaged over any period of thirteen consecutive 
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weeks, should not exceed 0-3 r. Among fission 
products likely to be ingested only strontium-90, 
which is retained in the bone, may constitute a 
danger, but its present level is negligibly low. 

For @ calculation of the genetically permissible 
dose, as distinguished from that which is harm- 
less to the individual, new considerations become 
relevant. Not only is the genetical material by far 
the most radiosensitive part of the organism; the 
linear increase of mutation-rate with dose and the 
absence of a lower threshold make the exposure of 
many individuals to very small doses genetically as 
dangerous as that of a few individuals to large ones. 
There is, in fact, no innocuous dose from the gene- 
tical point of view, and the permissible dose-level 
has to be reached by a compromise between the 
immediate benefits of ionizing radiation and the 
damage to future generations. We still lack the 
data for an even moderately accurate quantitative 
estimate of the genetical effects of a given dose on 
human genes. Calculations use extrapolations from 
experiments on lower animals and include premises 
on which geneticists differ among themselves. 

It is therefore encouraging to find a considerable 
measure of agreement between the conclusions 
of the British and American geneticists. Both 
estimate that the doubling dose, that is, the dose 
which would double the mutation-rate, lies most 
probably within the range from 30 r. to 80 r. In 
the final result, this dose would double the incidence 
of genetically caused defects; but for recessives 
this may take a very great number of generations. 
American geneticists estimate that the effect on the 
first generation of doubling the gonad dose would 
consist in an additional 200,000 cases of genetically 
caused tangible disabilities among 100 million births. 
In Great Britain, 200 more cases each of manic 
depressive insanity and schizophrenia and 1,500 of 
severe mental deficiency would be expected among 
the first generation of 20 million births. For here- 
ditary traits which show continuous variation about 
the normal, an increased mutation-rate results in 
increased proportions of the extreme variants on 
either side of the mean ; but if the trait has already 
been subjected to much selection towards one 
extreme, as is likely for human intelligence, it is 
mainly the minus variants which will be increased 
in number. The maximum dose which the British 
report considers tolerable from a genetical point of 
view is 50 r. to the gonads in excess of the natural 
radiation up to the age of thirty, and this should 
be received by not more than 1/50 of the total 
population. The American report recommends that 
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records of the accumulated life-time exposure to 
radiation should be kept for every individual, that 
the average exposure of the population’s reproductive 
cells to radiation above the natural background 
should be limited to 10 r. from conception to age 
thirty, and that individual persons should not receive 
a total accumulated gonad dose of more than 50 r, 
up to age thirty, and not more than 50 r. additiona] 
up to age forty. 

In the manner of presentation the two documents 
differ fundamentally. The American report clearly 
aims at being intelligible to the general public. Full 
reports with technical details are being prepared and 
will be published at a later date. Although the 
various sections differ in the amount of technical ities 
they contain, they all state unambiguously the 
relevant facts, conclusions and recommendations. In 
particular the section on genetics is @ model of 
popular exposition of a difficult and debatable 
problem. Where differences of opinion between 
scientists exist, these are stated; but instead of 
confusing the general reader with controversies, 
stress is laid on the points of agreement. To make 
quite sure that the main facts and conclusions reach 
the widest possible public, these are once more 
summarized in a brief “Report to the Public”. The 
British report is written in a spirit of scientific 
humility and caution which may well leave the 
general reader with a feeling that it would be best 
not to bother much about a subject on which so little 
is known. There is nothing in the British report 
corresponding to the categorical American state- 
ments: “Any radiation is genetically undesirable”, 
or “From the genetic point of view, they [the radia- 
tions] are all bad”. Yet it is likely that the authors 
of the British report would agree with these state- 
ments. For the scientist, especially the geneticist, 
the report is highly interesting, just because it deals 
in great detail—partly in the form of thirteen appen- 
dixes—with the data, calculations and considerations 
on which the final conclusions are based. The 
intelligent and educated general reader who is willing 
to spend time and effort on understanding the report 
will no doubt learn very much from it; but it is to 
be feared that he will be in a minority, and that the 
general public, including our legislators, will prefer to 
get its information second-hand from newspaper 
digests which, based on a document of this nature, 
can scarcely fail to be one-sided or otherwise mis- 
leading, especially as the report gives little guidance 
for such a purpose. It seems highly desirable that 
a digest for the public be prepared as soon as possible 
by the authors of the report. 


NEWS and VIEWS 


Royal Botanic Gardens, Kew : 
Sir Edward Salisbury, C.B.E., F.R.S. 


Sr Epwarp Sarisspury, who has been director of 
the Royal Botanic Gardens, Kew, since 1943, is 
resigning from that post, having reached the age of 
seventy.. To botanists, both in Britain and through- 
out the world, Sir Edward is well known, not only 
for his outstanding botanical work (especially on 
plant form, reproduction and ecology) but also for 
his splendid books, which include those for the 
specialist, those for the student and those for the 


layman. Through these books, Sir Edward has 
exerted a profound influence on the advancement of 
botany. For many years he has worked also for the 
advancement of science in general (but especially 
the biological sciences) through various societies of 
which he has been president or vice-president or 
secretary. For example, he was honorary secretary 
of the British Ecological Society during 1917-32 and 
its president in 1928. He has been president also of 
several other scientific societies. 

Sir Edward Salisbury has been one of the pillars of 
the Royal Society for many years. During 1945-55 
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he was ‘he biological secretary and was vice-president 
in 1943 and during 1948-55. In both these capacities 
his exceptional gift of organization has proved in- 
valueble. This, together with the great advantage 
he had to offer as an adviser, has made him an out- 
standing vice-chairman of the Agricultural Improve- 
ment Council since 1944, a member of the Scientific 
Advisory Committee to the Cabinet during 1943-45, 
vice-president of the Royal Horticultural Society, 
honorary adviser to the Ministry of Labour, vice- 
chairman of the Committee on Colonial Agriculture 
and a member of the Agricultural Research Council. 
He is also @ governor of several leading universities, 
agricultural and horticultural colleges and institutes. 
He was president of Section K (Botany) of the 
British Association in 1937. 

All Sir Edward’s earlier academic work was done in 
the University of London. This culminated in the 
Quain professorship of botany at University College 
from 1920 until he was appointed director of the Royal 
Botanic Gardens, Kew, in 1943. To such a man of 
many parts, honours in the form of honorary degrees 
and medals, too numerous to mention, came naturally. 
It is to be hoped that in spite of his resignation from 
Kew, the great services of Sir Edward to scientific 
advancement, exposition and training, through at 
least some of the many organizations which he has so 
actively and vigorously supported, will be available 
for a long time to come. 


No. 4531 


Dr. George Taylor 


Dr. GEORGE TaYLoR, who succeeds Sir Edward 
Salisbury at Kew, is fifty-two years of age; he 
was born and educated in Scotland. From the 
George Herriot School, Edinburgh, he went to study 
at the University of Edinburgh, where he graduated 
with first-class honours in botany, and afterwards 
joined the staff of the British Museum (Natural 
History) in the Botanical Department, of which he 
became keeper in 1950 upon the retirement of Dr. J. 
Ramsbottom. Dr. Taylor has published extensively 
in the field of Phanerogamic taxonomy ; but among 
his special botanical interests may be mentioned the 
Himalayan poppies, of which a former director of 
Kew, Sir David Prain, made a special study. Dr. 
Taylor published a monograph of the genus Meconopsis 
in 1934. He has also paid considerable attention to 
aquatic phanerogams, especially the Podostemaceae, 
that remarkable family of plants living on rocks in 
rushing water and exhibiting a wealth of morpho- 
logical and ecological problems. He has taken a 
prominent part in various botanical expeditions, 
notably to Rhodesia in 1927, to the mountains of 
tropical East Africa in 1934, and to Tibet and Bhutan 
in 1938. He is also a keen and able horticulturist, 
which was recognized by the award to him this 
year of the Victoria Medal of Honour of the Royal 
Horticultural Society. Apart from his work at the 
British Museum, Dr. Taylor has had considerable 
administrative experience as botanical secretary of 
the Linnean Society since 1950, and as one of the 
general secretaries of the British Association since 
1951. Dr. Taylor thus brings to his new duties a 
record of successful pursuit of three aspects intimately 
associated with his fresh responsibilities. 


British Museum (Natural History): Keeper of 
Botany 


Tue Principal Trustees of the British Museum have 
appointed Mr. James Edgar Dandy to succeed Dr. 
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George Taylor as keeper of botany. Mr. Dandy was 
educated at Preston Grammar School and Downing 
College, Cambridge. He started his botanical career 
in the Herbarium at the Royal Botanic Gardens, 
Kew, where he came under the stimulating influence 
of Dr. John Hutchinson. In 1927 he was appointed 
assistant keeper in the British Museum (Natural 
History) and was placed in charge of the Mono- 
cotyledons and Gymnosperms. He is a recognized 
world authority on Monocotyledons ; but his interests 
have not been confined to that group. He is engaged 
on monographic studies of the Magnoliaceae and 
several groups of the aquatic Monocotyledons 
(including the genus Potamogeton in collaboration 
with Dr. George Taylor). He has almost completed 
a Flora of Antigua and Bermuda and is compiling a 
list of the plants of the Anglo-Egyptian Sudan. Mr. 
Dandy has taken a prominent and decisive part in 
the legalistic realm of plant nomenclature, and is a 
member of a number of international committees 
dealing with this subject. So far, his published work 
has been confined to treatments of genera or families 
preliminary to more detailed monographic surveys ; 
but, under his editorship, two very important works 
will shortly appear. These are the Catalogue of the 
Sloane Herbarium to be published by the Trustees 
of the British Museum, which contains the most 
extensive botanical collections of the seventeenth 
and eighteenth centuries, and a Check List of the 
British Flora to be sponsored jointly by the British 
Museum and the Botanical Society of the British 
Isles. 


Nature Conservancy : Dr. E. B. Worthington 


Dr. E. B. WortTHINGTON, who has recently com- 
pleted his term of office as secretary-general of the 
Scientific Council for Africa South of the Sahara, has 
been appointed as deputy director-general (scientific) 
of the Nature Conservancy and will take up his 
duties on September 17. After graduating in zoology 
from the University of Cambridge, Dr. Worthington 
was Balfour Student there during 1930-33 and took 
part in, or was leader of, two expeditions to the great 
African lakes, making a number of contributions to 
ichthyology and hydrobiology. At that time, in 
collaboration with his wife, he wrote a general book 
on African inland waters. In 1934, while demon- 
strator in zoology at Cambridge, he became a scientist 
on Lord Hailey’s African Survey and, on its com- 
pletion in 1937, was appointed the first director of 
the Freshwater Biological Association, Windermere. 
For two years at the end of the Second World War, 
Dr. Worthington was an adviser to the Middle East 
Supply Centre, conducting a survey of scientific work 
in the Middle East countries, and then in 1946 he 
joined what afterwards became the Research Branch 
of H.M. Overseas Service; he spent some years in 
East Africa preparing a development plan for Uganda 
and organizing inter-territorial scientific services. On 
the formation of the Scientific Council for Africa 
South of the Sahara in 1950 he was appointed secre- 
tary-general, and has spent the past year in writing 
a@ book on the contribution of science to the develop- 
ment of Africa. Besides his many papers, Dr. 
Worthington, who is fifty-one years old, has written 
@ number of books, mainly on African inland waters 
and fisheries. He thus brings to the Nature Con- 
servancy a varied experience in biological research 
and in the application of science to the conservation 
and use of land and water. 
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Royal Agricultural Society of England Medal : 
Dr. G. D. H. Bell 


THE Royal Agricultural Society’s Medal ‘‘for 
research work of outstanding merit carried out in the 
United Kingdom which has proved, or is likely to 
prove, of benefit to agriculture’ has been awarded 
to Dr. G. D. H. Bell, director of the Plant Breeding 
Institute, Cambridge. Bell’s success as a plant 
breeder is not unrelated to his wide knowledge of 
plant husbandry and his ability to anticipate agri- 
cultural developments. In 1943, at the time when 
autumn-sown cereal crops were gaining favour, he 
introduced his two-row winter-hardy Pioneer barley, 
@ variety that represented a new departure in malting 
barleys. Then came the six-row winter type Prefect 
of reasonably good malting quality. Prefect was 
followed by Proctor, a barley that combines to a 
very considerable extent malting quality and re- 
sponsiveness to intensive cultural treatment. This 
variety, coming at the time it did, offered at least a 
partial solution to the mounting conflict between the 
brewer who looks for malting quality, and the farmer 
who wants yield and is aware of the potentialities of 
some modern varieties under liberal manuring. The 
next of Bell’s barleys, Provost, perhaps carries this 
reconciliation a stage further, for here we have a 
variety which in malting tests has given a higher 
average extract than Proctor. Another of his products 
is the Minerva Maple pea. 

While these new varieties represent the more 
tangible expressions of Bell’s contribution to British 
agriculture, his work on breeding techniques, par- 
ticularly his investigations in the Triticinae involving 
the study of interspecific and intergeneric hybrids, 
their disease reactions and the cytology and fertility 
of F, hybrids and derived amphidiploids, has 
materially added to the store of information funda- 
mental to future progress. Incidentally, it is work of 
this kind that emphasizes the futility of attempting 
to draw a line separating the ‘pure’ and ‘applied’ 
sides of science; indeed, progress demands that 
research goes hand-in-hand with the application of 
available knowledge. Dr. Bell has made numerous 
contributions to the literature of plant breeding, and 
he is well known to the agricultural reader for his 
able articles entitled “Crops and Plant Breeding” 
that are a feature of the Journal of the Royal Agri- 
cultural Society. 


Woods Hole Oceanographic Institution 
Resr-ApmMirraL Epwarp H. Samira has retired 
from the directorship of the Woods Hole Oceano- 
graphic Institution, having reached the age-limit, 
and has been succeeded by Dr. Columbus O’D. 
Iselin, senior oceanographer in the Institution and 
associate professor of physical oceanography in 
Harvard University. During his six years as director, 
Admiral Smith has expanded both the shore and 
ship laboratories and equipment of the Institution 
and broadened its interests. It was largely due to 
his efforts that the research vessel Crawford was 
acquired recently for studying the formation of 
hurricanes (see Nature, August 18, p. 349, and July 
28, p. 181). His successor, Dr. Iselin, has been with 
the Institution since its inception in 1930. A former 
student of Dr. H. B. Bigelow, he started his oceano- 
graphical career on an expedition to Labrador in his 
own schooner Chance in 1926. In 1931 he took 
command of the research vessel Atlantis on her first 
cruise in the North Atlantic after the ship was built 
in Denmark. Dr. Iselin served as director of the 
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Institution during the Second World War and 
resigned in 1950 to devote more time to sci: ‘itifie 


studies. For his work for the United States ‘Jayy 
on the application of science to undersea warfi.«, he 
was awarded in 1948 the Legion of Merit. In 195] 
he received the Agassiz Medal of the U.S. Na: ional 


Academy of Science. 


The Functions of the Press Council 


THE broadsheet, “Performance of the Pigs”, 
recently issued by Political and Economic Planning 
(22, No. 397; pp. 20; 28. 6d.), considers +hree 
aspects: current criticisms of the Press; the |'resg 
Council and its objects; and the functions of the 
Council. In considering the first, PEP does not 
specifically consider the reporting of science, but 
notes that the tastes and attitudes of readers govern 
the nature of the Press at least as firmly as the lregs 
moulds the opinions of the public. After reviewing 
the work of the Press Council during the three years 
of its existence, P E P points out that the purposes 
of the Council, as envisaged by the Royal Commission 
and adopted in the Council’s objects, cover three 
different functions: as an institute; as a trade 
association ; and as a tribunal. It seems clear that 
the present basis of the Press Council is too narrow 
to allow it to carry out the institutional aspects of 
its work satisfactorily. Its aspects as a trade associa- 
tion include such matters as newsprint, recruitment 
and training, labour relations, and productivity, some 
of which are already dealt with by other means, and 
it appears that most members of the Council consider 
that the Council should not concern itself with these 
affairs. PEP notes particularly the importance 
of the training of journalists, suggesting that the 
whole subject of education, recruitment and training 
of journalists deserves a study by itself. The Press 
Council has, however, concentrated its attention on 
its function as a tribunal, dealing with points of 
conduct in a quasi-judicial capacity. It has provided 
a possibility of appeal both for the public and for 
journalists themselves and must have made many 
people think twice before leaving the way open for 
criticism. Nevertheless, P EP considers that the 
Council may never develop into the kind of body 
envisaged in the broadsheet or by the Royal Com- 
mission unless it extends its activities, and that the 
next stage should be to strengthen and develop the 
Council to enable it to carry out all its professed 
objects effectively. 


Duck Stamps 

FoLtowincG the great droughts of the early 1930's 
when farmers in the ‘dust bowl’ of the United States 
were panic-stricken and in poverty, the number of 
waterfowl reached the lowest recorded point in 
American history. Soon after, the Biological Survey 
was set up and Government funds were set aside for 
the purchase and restoration of submarginal and 
other lands for wild life, with special emphasis on 
migratory waterfowl. These funds were insufficient 
for the national need, and the Duck Stamp Act, 
formally known as the Migratory Bird Hunting Stamp 
Act, came into being. Its purpose was to supplement 
and support the Migratory Bird Conservation Act by 
providing funds for the acquisition of areas for use 
as migratory-bird sanctuaries, refuges and breeding 
grounds, for developing and administering such areas, 
for the protection of certain migratory birds, and for 
the enforcement of the Migratory Bird Treaty Act. 
Since 1940 there has been little in the way of con- 
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gressional appropriations specifically for the acquisi- 
tion and development of lands for migratory birds, 
and the Duck Stamp receipts have taken on added 
importance. From 1935 until 1953, some 8,500,000 
dollars of Duck Stamp funds were used for refuge 
development, and slightly more than 10 million 
dollars for operational maintenance. A description 
of the scheme and of some of the refuges which have 
been purchased are described in Circular 37 of the 
Fish and Wildlife Service of the United States 
Department of the Interior. 


Elephants and Electric Fences 


CONFLICTING views about the deterrent effects of 
electric fences on elephants are described in a recent 
issue of Oryx (3, No. 5; August 1956). J. A. Hislop 
has had unfortunate experiences with three fences in 
Malaya over a period of seven years and, although 
one fence remained undamaged for about two years, 
it was then breached in a number of places and was 
never again effective. Describing his experiences in 
Malaya before the War, E. O. Shebbeare found that 
electric fences were quite effective if they were 
adequately constructed and regularly patrolled. 
A. H. Fetherstonhaugh, who, until recently, was 
chief game warden of the Federation of Malaya, 
states that electric fences were most useful in pro- 
tecting rubber estates from wild animals ; elephants 
were difficult to deal with because of their size and 
sagacity but, provided they had sufficient range and 
adequate fodder and that electric fences were not 
erected across &@ major migration route, the fences 
were quite effective in preventing their passage 
through restricted territories. 


Citrus Research 

THE contemporary Bulletin of the Research Council 
of Israel (Sect. D, Botany, 5, No. 2-3; 1956) is 
devoted to the Fourth International Congress of 
Mediterranean Citriculture, held in Israel during 
May 1956. Among the topics discussed, and here 
set out in detail, were the anatomy and histology of 
healthy and xyloporosis-affected Palestine sweet- 
lime rootstocks budded to Shamouti sweet orange ; 


rootstock-scion influences in the morphology and | 


anatomy of the bud union of Shamouti orange ; 
orange leaf transpiration under orchard conditions ; 
mal secco of citrus in Israel and neighbouring coun- 
tries ; the effect of different factors on the ascorbic 
acid content in citrus fruits—the relationship between 
species and variety and the ascorbic acid content of 
the juice ; an investigation into the process of flower 
and fruit abscission of the Shamouti orange ; studies 
on the viability of citrus seeds and certain properties 
of their coats; toxic influences of sodium and 
sulphate ions on citrus seedlings. 


Handbook on the Use of Chemical Weedkillers 


Durinc the past ten years advances in the use of 
chemicals for the control of weeds have been so rapid 
that the subject has become bewildering to the non- 
specialist. Successful crop production, however, now 
depends on the intelligent use of these chemicals, and 
the Recommendations Committee of the British 
Weed Control Council has done a most useful work in 
bringing out ‘‘Weed Control Handbook 1956” edited 
by the staff of the Agricultural Research Council Unit 
for Experimental Agronomy (pp. 130; British Weed 
Control Council, Cecil Chambers, 86 Strand, London, 
W.C.2; 1956; 5s.). Though intended primarily for 
the ‘adviser’, it is full of valuable information for the 
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farmer, research worker or student. After classifying 
the weedkillers commonly used in Great Britain, 
Part 1 of the booklet sets out the agricultural and 
horticultural crops on which they may be safely used 
and the weeds that may be controlled by each type of 
chemical. The special problems connected with 
forest nurseries, lawns, roadside verges and woody 
weeds are also dealt with. Part 2 provides practical 
instruction on such matters as spraying procedure, 
the calculation of application-rates and the decon- 
tamination of the sprayer. It also contains chapters 
on the legal aspects of spraying and on promising 
new chemicals; and gives the list of approved herbi- 
cides for 1955-56 under the Crop Protection Products 
Approval Scheme. Tables make reference to crop or 
weed simple and rapid, and a clear distinction is made 
in the text between firm and tentative recommenda- 
tions. The Committee hopes to issue a new edition of 
the handbook every year. 


Morgan Crucible Co., Ltd., London (1856-1956) 


THE Morgan Crucible Co., Ltd., of Battersea, 
London, which celebrates its centenary this year, has 
published in connexion therewith a short history of 
the firm, written by Richard Bennett (pp. 67+3 
plates). As the chairman of the Company, Mr. P. 
Lindsay, points out in the prologue, Mr. Bennett does 
not attempt to give a detailed history of its develop- 
ment or to trace all the varied influences that have 
shaped the growth of a firm in which the tradition of 
family service has always been strong. The book 
gives a very readable account of the growth of the 
firm, and both the text itself and the admirably 
chosen illustrations relate that growth to the general 
pattern of industrial activity of the period. There is 
much in these pages that could well be used as the 
text for a discourse on initiative and enterprise and 
welfare in industry. 


Grating and Quartz-Prism Polychromators 


THE main article in the May issue of the Hilger 
Journal (2, No. 4; 1956) is devoted to a description 
of two large self-contained polychromators, the first 
a@ 3-m. grating instrument which has now been used 
in industry for several years, and the second a 
quartz-prism instrument which is announced for the 
first time. They serve different purposes and are not 
substitutes for each other. The grating poly- 
chromator is the instrument to use for analyses of 
highly complex alloys, and the quartz polychromator 
for the analysis of a wide range of alloys with 
different base metals. Both have four components : 
@ source unit; discharge stand; the polychromator 
itself, which consists of the dispersing system and 
the assembly of exit slits and multipliers; and an 
electronic console which houses circuits for controlling 
the analysis and interpreting the results. The 3-m. 
radius concave grating in the grating instrument is 
ruled by Siegbahn and can be supplied to provide a 
dispersion of 6 A./mm. or 12 A./mm. in the first-order 
spectrum. The spectrum range is from about 1940 A. 
in the ultra-violet to about 8000 A. in the near infra- 
red, and the instrument takes four minutes to perform 
@ spectrochemical analysis of a substance, printing 
the result on a strip of paper. The condensing system 
in the new prism polychromator includes a quartz 
biprism, and consequently the spectrometer produces 
two identical spectra which are separated by a long 
rectangular prism aluminized on two adjacent sur- 
faces and sent to different focal surfaces where they 
are received by an assembly of exit slits. The quartz 
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polychromator requires no adjustment for tem- 
perature and can accommodate thirty-six channels ; 
but the electronic console is built in units so that the 
polychromator can be built up from a minimum of 
twelve channels by the addition of units of six. 


Units and Systems of Weights and Measures in 

the United States 

THE subject of weights and measures is of wide 
interest, and many requests for information on both 
the customary and metric systems of weights and 
measures are received by the United States National 
Bureau of Standards from teachers, students and the 
general public. To serve this need, the Bureau has 
prepared Circular 570, “Units and Systems of 
Weights and Measures: Their Origin, Development 
and Present Status”, by Lewis V. Judson (pp. 29. 
Washington, D.C.: Government Printing Office, 
1956; 25 cents), which brings together in a con- 
venient form much of the information that was 
previously available in separate mimeographed 
leaflets. The essential differences between the British 
and United States systems are clearly explained. 
The origin and early history of units and standards 
are discussed ; with regard to the metric system it 
is mentioned that, though the use of the system was 
legalized in the United States by Act of Congress of 
1866, it was not obligatory, and at present the 
Bureau neither advocates nor opposes its compulsory 
adoption. To satisfy the considerable interest shown 
in the maintenance and preservation of the United 
States national standards of length and mass at the 
Bureau, @ special door, fully protected by an alarm 
system, was installed during 1955 so that during 
working hours the vault in which the standards are 
kept can be viewed by those interested. At other 
times the steel outer doors are locked. The circular 
concludes with ready-reference conversion tables 
dealing with lengths, areas, capacities and weights. 
For scientific workers and industrialists requiring 
more extensive information, the Bureau has pub- 
lished “Units of Weights and Measures’ (Miscel- 
laneous Publication 214). 


Catalogue of Optical Glasses 

Optica glass has been made at the Smethwick 
(Birmingham) glassworks of Chance Brothers, Ltd., 
since 1848, though since 1948 the main production 


has been concentrated at the war-time ‘shadow 
factory’ at St. Helens, Lancashire, formerly used by 
Umbroc, Ltd. Some melts are still made at the 
Umbroe Works by the ‘classical process’—that is, 
each pot of glass is cooled slowly to produce as many 
large lumps as possible for subsequent moulding into 
slabs; but another method now employed to an 
increasing extent for the production of colour filter 
glass in sheet form or of raw material for the pro- 
duction of jens blanks is to roll the molten glass into 
sheets }-} in. thick. The classical process is also 
used at the Smethwick works for certain glass types ; 
but, in addition, platmum pots of 12-16 1. capacity 
are used for melting rare-earth and other special 
glasses. Full details of the physical properties of 
the various glass types produced, together with 
available sizes and batch reproducibilities, are listed 
in Catalogue 0.8.16, which has recently been issued. 
The glass types are arranged in groups and described 
as ‘crowns’ or ‘flints’ with a generally accepted, but 
arbitrary, division at V = 55 (V represents the 
reciprocal dispersive power or constringence) for 
indices (ng) of refraction in air for the sodium-D line 
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below 1-6, and at V = 50 for higher indices. 
spectral lines are used for determining the 0; 
properties, and routine measurements of the r. 
tive index and dispersions of each production 
are made with a Hilger-Chance precision refi 
meter. 
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South Australian Museum, Adelaide : Repor 

1954-55 

THE annual report of the South Australian Mu: 
for 1954-55 (pp. 11. Adelaide: Government Pri: ter, 
1956) records the retirement of the entomologist. Mr, 
H. Womersley, and his appointment as hono-ary 
acarologist. Dr. E. T. Giles has been appointed 
entomologist, and he reports that a considerable 
amount of re-organization has been undertaken 
his arrival. The apparatus and equipment have 
rearranged and the library reclassified to give a more 
logical sequence. Mr. H. Womersley was in cl arge 
of a scientific expedition to New Guinea, where 
collections of mites, largely consisting of new dis- 
coveries, were made and brought back to the Museum. 
Mr. William A. Cassidy, a Fulbright research student 
from the University of New Mexico, has spent a 
considerable time studying the numerous meteorites 
in the collections of the Museum. 


Ciba Foundation, London: Report for 1955 


THE annual report for 1955 of the Ciba Foundation 
for the promotion of International Co-operation in 
Medical and Chemical Research (pp. 43; from the 
Foundation, London; 1956) gives details of the five 
discussion meetings and the four sessions of the 
quarterly clinical forum held during the year, as well 
as particulars of the seven international conferences, 
the proceedings of four of which have been published 
in book form. The three on ageing in transient 
tissues, on bone structure and metabolism, and on 
paper electrophoresis, respectively, were due for 
publication. Five scientific film sessions were also 
held during the year, and the seventh annual lecture 
was given in Stockholm by Prof. H. Olivercrona 
on ““Hypophysectomy in Diabetes”. Accommodation 
was provided at the Foundation for nearly eight 
hundred visitors from thirty countries who came to 
London in connexion with their scientific work. Six 
British medical graduates were granted short-term 
bursaries for work in France, and the first seven 
international awards were made for papers descriptive 
of research relevant to the problems of ageing, a 
field in which the Foundation is attempting to 
encourage long-term research by younger workers. 
Besides particulars of publications of the Foundation, 
the report includes some notes on the library, which 
was ready for visitors early in June, and lists of 
holdings and of periodicals received. 


Grants for Education in Plastics Technology 


Tue Trustees of the Plastics Industry Education 
Fund have recently announced their plans for the 
support of education in plastics technology during 
1956-57, among which are a number of new projects. 
In addition to the grants for the seven students at 
the Borough Polytechnic, London, who last Septem- 
ber started a full-time course for two years leading to 
the diploma of the Plastics Institute, a further 
£1,000 has been allotted for grants to students living 
in the London area who wish to take up this course 
next September. The Birmingham College of Techno- 
logy is being offered £1,000 to start a ‘sandwich’ 
course in plastics technology which will last four 
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ears, With the students spending alternately six 
mont!is at the College and then six months in industry. 
It is intended that the students should be recruited 
from school and not be released from industry in 
order to attend the College. £175 has been granted to 
Mr. 8. H. Heath, a lecturer in plastics technology at 
the Birmingham College, to enable him to visit firms 
in Europe for three months and study and report on 
recent developments in new materials and polymeriza- 
tion processes. Funds have been provided for a 
research studentship in plastics technology, worth 
£300 a year for two years, at the Acton Technical 
College, London. A grant of £500 for the purchase of 
equipment for teaching plastics technology has been 
made to the Cardiff College of Technology and Com- 
merce, where @ course leading to the diploma of the 
Plastics Institute was started last September and 
where it is hoped to establish shorily a course for the 
associateship. There will again be available from the 
Fund a sum of £1,000 for training grants to young 
men or women working in the plastics industry to 
study full-time for a degree in science or engineering, 
and this year applications will be considered also for 
assistance to take a full-time course in industrial 
design. 


Magnetic Resonance : Symposium at Bangor 

A SYMPOSIUM on magnetic resonance, arranged by 
the Liverpool and North Wales Branch of the Insti- 
tute of Physics, will be held in the University College 
of North Wales, Bangor, during September 26-27. 
Lectures will be given by the following: Dr. B. 
Bleaney (Clarendon Laboratory, Oxford), free atom 
resonance; Dr. J. G. Powles (Queen Mary College, 
London), spin echo techniques; Dr. R. E. Richards 
(Department of Physical Chemistry, Oxford), mag- 
nets; and Prof. E. R. Andrew (University College, 
Bangor), nuclear magnetic resonance work and other 
research at Bangor. At the symposium consideration 
will be given to the formation of a group to provide 
future occasional meetings. Further information can 
be obtained from Prof. E. R. Andrew, Physics Depart- 
ment, University College of North Wales, Bangor, 


Caernarvonshire. 


Announcements 

A. 8. P. pa Siutva has been appointed by the 
Brazilian Ministry of Agriculture to be chief of the 
Experimental Station at Pelotas. 


Dr. J. B. M. Coppock, director of the British 
Baking Industries Research Association, Chorley- 
wood, Herts, and Dr. C. R. Jones, of the Research 
Association of British Flour Millers, Old London 
Road, St. Albans, Herts, have been appointed corre- 
sponding editors for Great Britain of Cereal Science 
Today, the new journal of the American Association of 
Cereal Chemists. They would be glad to receive news 
of events or developments of potential interest to 
readers of the new journal. 


Tae Oliver Memorial Fund is offering an award of 
£50 to @ British subject for original work or services 
in connexion with the research, organization or donor 
aspect of blood transfusion. Applications or informe- 
tion on possible candidates for the award should be 
sent before September 30 to the Honorary Treasurer 
of the Fund, c/o National Provincial Bank, Ltd., 
Holborn Circus, London, E.C.1. 


THE Chemical Society is offering grants from its 
Research Fund for the assistance of research in all 
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branches of chemistry. About £700 a year is avail- 
able for this purpose, the income being derived from 
a donation of the Worshipful Company of Goldsmiths, 


‘from the Perkin Memorial Fund, and from other 


sources. Applications for grants should be submitted 
not later than November 15 to the General Secretary 
of the Chemical Society at Burlington House, Picca- 
dilly, London, W.1. 


Tue Committee on Statistics of the University of 
Chicago is offering a number of post-doctoral awards 
for study in statistics by persons whose primary field 
is not statistics but one of the physical, biological, or 
social sciences to which statistics can be applied. 
The awards are for the academic year 1957-58 and 
are worth 3,600—5,000 dollars. Application should 
be made before February 15, 1957, to the Committee 
on Statistics, Eckhart Hall, University of Chicago, 
Chicago 37, Ill. 


TuE British Society of Rheology will hold a con- 
ference on “Extrusion and Rolling Processes” during 
September 27-28 in the Stephenson Hall of the 
University of Sheffield. Six papers will be read, 
covering various aspects of the rheology of metals 
and of plastics. Further information can be obtained 
from. the Honorary Secretary of the Society at 52 
Tavistock Road, Edgware, Middlesex. 


Tue Iron and Steel Engineers Group of the Iron 
and Steel Institute will hold a meeting in South 
Wales during October 4-5. During the mornings, 
papers will be read in the Grand Pavilion, Porthcawl. 
In the afternoons, visits will be made to the Margam 
Works (blast furnaces, coke ovens and sinter plant) 
and the Abbey Works (open-hearth steel plant and 
wide strip mills), respectively, of the Steel Company 
of Wales, Ltd. Application forms, to be completed 
by September 10, and further information can be 
obtained from the Secretary of the Institute at 
4 Grosvenor Gardens, London, S.W.1. 


Tue third British Weed Control Conference, 
organized by the British Weed Control Council, will 
be held in the Norbreck Hydro, Blackpool, during 
November 6-8. There will be two general discussions 
on the first day : one on whether weedkillers are being 
developed and used for ensuring efficient food produc- 
tion, and the other on wild oats. The subsequent days 
will be devoted to the reading of research reports. 
Further information can be obtained from W. A. 
Williams, British Weed Control Council, Cecil 
Chambers, 86 Strand, London, W.C.2. 


THREE awards have recently been made from the 
Mental Health Research Fund, as follows: a grant of 
£200 to Dr. James A. Hislop, of the Department of 
Human Ecology and University Health Service, 
Cambridge, for investigation of the length of stay of 
patients admitted to Fulbourn Hospital from the Isle 
of Ely during the past hundred years ; a Leverhulme 
grant of £1,000 a year for two years to the University 
of Leeds towards the cost of a senior research fellow- 
ship awarded to Dr. Max Hamilton, senior lecturer in 
the Department of Psychiatry, for work on the treat- 
ment of paranoid disorders by electro-convulsive 
therapy and insulin shock ; and a travelling fellowship 
of £1,150 to Dr. R. P. Hullin, lecturer in the Depart- 
ment of Biochemistry, University of Leeds, to spend 
@ year in the Department of Physiological Chemistry, 
University of Pennsylvania, investigating new bio- 
chemical methods which may be applied to the study 
of the blood in manic-depressive psychoses and 
endogenous depression. 
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N August last year the World Association of 
Parliamentarians for World Government organized 

an international conference of scientists to consider 
the dangers to world peace due to the development 
of nuclear weapons. At this conference three 
commissions were formed to discuss respectively the 
destructive potentials of nuclear weapons and the 
possible consequences of their testing in peace and 
massive use in war; the technical problems of the 
supervision and control of the production and use of 
nuclear weapons in order to enforce their prohibition ; 
and_the responsibility of scientists for the direction of 
their work, the uses to which it is put, and the public 
knowledge of its implications. A brief report of 
this conference was published in Nature (176, 289 ; 
1955). 

At its conference this year, the Association set 
aside one day for a discussion of the work of these 
three commissions. Opening the discussion, Dr. J. 
Bronowski reported that the commissions had been 
reconstituted as independent bodies of scientists, as 
it was considered that any conclusions reached would 
then command more respect than they would if they 
were associated with a political organization, however 
eminent it be. Recognition of the commissions by 
established scientific bodies is being sought, and has 
already been obtained from the Atomic Scientists’ 
Association. It is intended that eventually, by 
consultation among interested scientists, agreed 
statements shall be drawn up and published. 

Passing on to consider in more detail the work of 
the third commission, that on the responsibility of 
scientists, of which he is the secretary, Dr. Bronowski 
reported that an interesting exchange of opinions had 
taken place, but that the members of the commission 
had not yet got to the stage of drawing up an agreed 
statement ; so at present he could only outline some 
of his own views. He recalled how the sight of the 
devastation at Nagasaki had convinced him that it 
is the duty of scientists to work to bring about a 
universal understanding of the implications, both 
for good and for evil, of the development of atomic 
energy. They have this responsibility not only 
because of their specialized knowledge but also 
because they have learned to approach problems in a 
scientific way. They know full well that the most 
subtle theory is useless if it cannot stand up in a 
world of hard facts. It is useless, for example, to 
talk eloquently about raising living standards 
throughout the world if there is not even the possibility 
of making available the energy necessary to do it, as 
indeed there was not until the first atomic pile was 
successfully operated in 1942. Thus it is particularly 
important in political discussions to learn what is 
practicable and what is not, and to act accordingly. 
The scientist knows also that the end never justifies 
the means, or rather that the end cannot be dis- 
tinguished from the means. The results can never 
be altered to fit the theory. This professional 
integrity of the scientist is needed also by those 
who have to tackle problems concerning the affairs of 
men. 

Reporting on the activities of the second commis- 
sion, that on the international control of atomic 
energy, Dr. P. E. Hodgson, its secretary, said that 
an account of its discussions at the 1955 conference, 
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together with a survey of the main problems 


4 ) be 
studied, had been published in the Atomic Scie: ‘ists 


Journal (5, 209; 1956). He went on to surve. the 
main developments in the field of international 
control during the past year. On one hand there 
have been several encoursting examples of inter. 
national co-operation on atcraic energy, such as the 
Geneva Conference in 1955 on the Peaceful Uses of 
Atomic Energy, the European Organization for 
Nuclear Research (C.E.R.N.), and Euratom ; but, 
on the other hand, the power and efficiency of nuclear 
weapons have steadily increased. It is now possible 
for any one of the major atomic Powers to inflict on 
another, without warning, severe and widespread 
damage of the most lasting kind. But such a blow 
would not prevent an equally devastating retaliation, 
This situation is gradually hardening due to the 
development of intercontinental rockets, against 
which there is even less defence possible than against 
high-altitude aeroplanes. Thus international control 
is becoming steadily more difficult, though even now 
it would not be impossible if wide powers of inspection 
were given to a control agency. Any plan for inter- 
national control would, however, always have to take 
into account the possibility of hidden stocks of fissile 
material that could not be detected by any physical 
means. The most effective and practicable prelimin. 
ary steps towards international control are the 
cessation of tests of nuclear weapons and of long-range 
rockets. 

The work of the first commission is being tem- 
porarily suspended in view of the establishment of a 
United Nations commission with similar terms 
of reference. It will reconvene to study the 
report of the United Nations commission when this is 
published. 

In the ensuing discussion, Prof. A. Haddow 
pointed out that the scientist has no mandate to 
decide the future of the world. His main duty is to 
publicize the details of his work, and to educate the 
public to an understanding of their implications. 
Then, as a citizen, he takes part in the political debate 
to decide the applications of scientific knowledge that 
shall be made. The growing number of contacts 
between scientists and politicians are greatly facili- 
tating the diffusion of the new knowledge. Finally, 
he considered that there is a very strong case, on 
scientific, humane, medical and political grounds, to 
cease tests of nuclear weapons. 

Prof. B. G. Whitmore brought out clearly that the 
international control of nuclear weapons is not 
possible as the nations are organized at present, 
owing to the possibility of hidden stocks of fissile 
material. But it may be possible to organize the 
nations into one body so that a supranational control 
becomes practicable. This was supported by Prof. 
R. W. Ditchburn, who urged scientists to play their 
part in the creation of a strong interwoven network 
of international co-operation. 

In his concluding remarks, Dr. Bronowski under- 
lined once more the dual nature of the task of the 
scientist : to assist in keeping and building peace, 
on one hand, and in raising living standards on the 
other. It is in these two key roles that the scientist 
has a great responsibility to the rest of human 
society. P. E. Hopeson 
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THE WEATHER 


N the recently published Meteorological Office 

Geophysical Memoir No. 94*, Mr. H. H. Lamb 
reports on his work as meteorologist aboard the 
whale factory ship Balaena during the antarctic 
summer of 1946-47. The Balaena carried aircraft 
for spotting whales, and Mr. Lamb’s task, so far as 
immediate operations were concerned, was to fore- 
cast weather and swell for the aircraft and the small 
whale-catching vessels. Broadcast observations were 
collected to compile once daily a synoptic map of 
much of the southern hemisphere, which was used in 
conjunction with local observation for the forecast 
work. No observations were received from other 
whaling vessels, and observations south of Australia, 
South Africa and South America were very scanty. 
Though meteorological observations have, of course, 
been taken in antarctic waters by numerous expedi- 
tions, it is believed Mr. Lamb operated the first 
weather-forecast service there. 

It was found that knowledge of the structure and 
movements of pressure systems, air masses and 
fronts gained in the northern hemisphere was, after 
experience of the effects associated with the pack 
ice and topography of the Antarctic Continent had 
been gained, perfectly applicable in the Antarctic. 
Although the nearest reporting station was some- 
times two thousand miles away, the forecasting work 
was very successful. Special attention in the fore- 
casting work was paid to the sub-tropical anti- 
cyclones, as their positions and intensities largely 
determined the movements of the main warm-air 
steering currents of depressions. Care, too, had to be 
taken to maintain on the charts all fronts which 
might affect the ships. 


*Air Ministry: Meteorological Office. Geophysical Memoirs 
No. 94: Me teorological Results of the Balaena Expedition eo 
(MO. 5846.) By H. H. Lamb, Pp. 63+5 plates. (London: H.M 
1956.) 8s. 6d. net. 
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The general weather over the Antarctic Ocean was 
very disturbed, with one depression soon following 
another and the only sunshine occurring in a break 
of a few hours in the clouds every three or four days. 
As the cloud system of one depression moved away, 
the next could always be seen approaching. For ashort 
period the ship was less than a hundred miles from 
the Antarctic Continent, and in off-shore winds the 
sky was sometimes quite clear. In spite of the great 
amount of cloud and the fact that there was rain or 
snow on 122 of the 151 days spent in the Antarctic, 
the precipitation measured was only 43-6 mm. water, 
equivalent to an annual precipitation of 4 in. a 
year—a desert value. The value is not to be taken 
very exactly owing to the difficulty of giving only 
just enough heating current to the rain-gauge to melt 
the snow and no more, and also to loss of catch by 
the disturbance to airflow caused by the ship. 
Cumulo-nimbus clouds were frequent, and inversions 
only occurred occasionally. 

The mean pressure south of 50° S. was only 982 mb., 
and the maximum only 1013-4 mb. These values are 
much lower than over corresponding areas of the 
northern hemisphere and suggest that there is un- 
equal sharing of air between the hemispheres. Mr. 
Lamb, using all the available information, gives in 
the memoir a mean pressure map of the southern 
hemisphere. This has a weak anticyclonic area over 
the Antarctic Continent (pressure about 1,000 mb. 
reduced to mean sea-level), a ring of depressions off 
the edge of the pack-ice of central pressures about 
980 mb., and then a steady rise to the sub-tropical 
high-pressure belt in 30° S. Daily weather maps 
show that the south polar anticyclones cannot 
be regarded as permanent and that the general 
situation over the Antarctic Continent is sometimes 
cyclonic. 


CONSERVATION OF FISHERIES 


CONFERENCE on fisheries conservation was 

held in Rome during April 18-May 10, 1955, 
and was attended by delegates from forty-five 
countries. The conference was convened by the 
United Nations Organization in order to assist the 
International Law Commission in preparing draft 
articles on basic aspects of international law on 
fisheries, and a report was presented to the Com- 
mission in June 1955. The papers read at the con- 
ference have now been published*. They include 
important general contributions on fisheries resources 
and regulation by M. Graham, M. B. Schaefer, G. 
Belloc, W. C. Herrington, J. L. Krask, G. L. Kesteven 
and 8. J. Holt, as well as summaries of actual inter- 
national conservation problems such as the North 
Sea fisheries (C. E. Lucas), the Pacific halibut (H. A. 
Dunlop) and the Fraser River salmon (L. A. Royal). 
That it should be possible to control and conserve 
such diverse fishes indicates how much scientific 
knowledge has advanced in recent years. 

Mr. Graham stresses that T. H. Huxley’s dictum— 
let the fisherman be free—should be followed unless 
there is evidence that fishing activities are seriously 

° ws apers presented at the International Technical Conference on 
onsery ation of the Living Resources of the Sea, Rome, April 18 
10, 1955. (United Nations Publication, 1956. II.B.1. ) Pp. 


<ti+371. (London: H.M.8.0.; New York : United Nations, 1956) 
228. 67. net; 3 dollars; 13 Swiss fr. 





influencing the yield of a fishery. He points out that 
among the effects of over-fishing one must distinguish 
a decline in total yield from a decline in catch per 
unit effort or a decline in average size of fish. The 
latter two effects may not be a sufficient reason for 
regulating a fishery, although from economic causes 
(lack of recruitment of boys to the industry, no 
market for small fish) they may limit it. Dr. Schaefer 
expounds the whole theory of fishing and the equi- 
librium catch; and although he mentions the 
maximum economic catch, it is apparent that he 
regards the production of the maximum sustainable 
yield as the main object of conservation. This thesis 
underlies most North American fishery regulation ; 
but the maximum yield does not seem to have been 
obtained yet from the Pacific halibut. From Dr. 
Schaefer’s own contribution on the tropical tunas, it 
would seem that high catches of yellowfin tuna near 
the limit of sustainable yield during 1948—51 resulted 
in an economic regulation of the fishery to a lower 
level in later years. In the North Sea all three effects 
of over-fishing have been experienced, and the recent 
international agreement on mesh sizes goes only part 
of the way to solve the problem. 

Other interesting papers deal with the influence of 
the environment (J. B. Tait), the behaviour of fishes 
in relation to the environment (M. Fujinaga, J. 
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Furnestin, R. Muzinit, A. J. C. Jensen, R. Kandler, 
T. A. Kow, G. Ranson, G. Rollefsen and W. F. 
Royce), the productivity of the sea and the possibility 
of acclimatizing certain species in parts of the world 
outside their present range (L. Zenkevich). Some 
contributions from the Italian, Japanese and Korean 
delegations are frankly political and seem out of place 
in a scientific report. However, they illustrate how 
important marine-produced proteins may be in the 
national diet of many countries. To some extent 
this importance may explain the apparent disregard 
of the conference report at the meetings of the 
International Law Commission in May and June this 
year. It is to be hoped that the reported draft 
articles on fisheries law, particularly that allow- 
ing @ State to take unilateral action to regulate 
fisheries outside normal territorial waters, are being 
carefully scrutinized by the United Nations General 
Assembly. A. J. SourHwarpD 


GRANTS FOR DEVELOPMENT 
AND WELFARE IN THE BRITISH 
COLONIES 


HE schemes made under the Colonial Develop- 

ment and Welfare Acts, covering the period 
April 1, 1955-March 31, 1956, which are detailed in 
the latest return*, bring the total commitments for 
development and welfare schemes under the Acts to 
£147,681,582, and for research schemes to £14,750,061, 
of which £27,909,965 and £1,889,486, respectively, 
are for the year in question. Of this last sum, £819,495 
is for agriculture, £332,701 for medicine, £281,182 for 
social science, £139,281 for locust control, £64,279 
for insecticides, £51,620 for products research, 
£19,241 for economics research, £10,880 for tsetse 
and trypanosomiasis, £3,510 for fisheries and £14,000 
for research fellowships. 

Of the actual research schemes, £362,000 is for the 
Regional Research Centre for Agricultural Research 
in the Caribbean area, while a supplementary 
£113,567 goes to the Institute for Social and Economic 
Research in the West Indies over the period 1956—60. 
£59,905 is capital expenditure for establishing the 
Fundamental and Applied Nutrition Units at the 
University College of the West Indies and £42,570 
for the establishment and maintenance during 
1955-58 of a Fundamental Nutrition Research Unit 
there. £25,300 is provided for soil and land-use 
survey in British Guiana, £21,960 for the maintenance 
of the Rockefeller Foundation Regional Virus 
Research Laboratory, Trinidad, and £9,740 for estab- 
lishing seismic recording stations in the West Indies. 
In South-East Asia £27,946 is for filariasis research 
at the Institute for Medical Research, Kuala Lumpur, 
£19,100 for research in the Federation of Malaya on 
virus and other diseases transmissible from animals 
to man, and £13,904 for the appointment of a plant 
pathologist investigating diseases of manilla hemp in 
North Borneo. 

In West Africa £43,100 is for an agricultural 
improvement scheme in Gambia and a similar sum 
for the West African Building Research Institute, 


* Colonial Development and Welfare Acts. Return of Schemes 
made under the Colonial Development and Welfare Acts by the 
Secretary of State for the Colonies, with Concurrence of the 
Treasury, in the Period from ist April, 1955, | eee March, 1956. 
P p. 38. (London: H.M.8.0., 1956.) 2s. 3d. n 


NATURE 


September 1, 1956 vo. +. 


£20,000 for the preparation of a social, politic: anq 
economic history of the Benin, and £11,0)\) fop 
extending the work of the Termite Research | 


ult to 

West Africa. In East Africa £82,329 is for th. Ragt 

African Institute of Social Research, Makerere ( ‘lege 

‘Uganda, during 1956-60, £38,100 for the Hast 


African Virus Research Institute, £34,000 f the 
preparation of a Flora of East Africa; £32,77 goes 
to the Khodes—Livingstone Institute, £30,914 . the 


East African Agriculture and Forestry Re: ‘arch 
Organization, £22,596 to the East African Vete: nary 
Research Organization, £19,215 for the Desert 1. scust 
Survey and £16,619 for economic researc! at 
Makerere College. £15,000 was contributed towards 


the activities of the Commission for Technica! (Co. 
operation in Africa South of the Sahara and 
the Scientific Council for Africa South o: the 


Sahara (a further £30,000 being provided from 
development and welfare schemes), while ¢rants 
for general research schemes included £61,350 
for research on animal _ physiology under 


tropical conditions at the Hannah Dairy Resvarch 
Institute ; £50,200 for the Anti-Locust Research 
Centre during 1956-57 and a supplementary £4(),100 
during 1955-56; £40,586 for trachoma research in 
Jordan ; £36,300 for the Colonial Pesticides Research 
Unit, Porton, during 1956-60, and £18,160 for the 
Termites Research Unit during 1956-60. 

Among the major development and welfare schemes 
of particular scientific interest are the following: 
£103,600 for the construction of a new chemistry 
laboratory in East Africa and a further £107,000 for 
the construction of Nairobi Technical College: 
£1,653,370 for the intensification of African agri- 
cultural development ; £350,000 for survey of the 
Rufiji River, Tanganyika; £328,875 for the con- 
struction of trade schools and a technical institute in 
Tanganyika, and £451,890 for water development and 
irrigation in Tanganyika. £1,050,000 is for the con- 
struction of permanent buildings for the University 
College of Rhodesia and Nyasaland, and £48,000 for 
the development of meteorological services for Central 
Africa. Of the contribution of £1,748,756 to the 
development plan for the Northern Region of Nigeria 
during 1955-56, £274,628-is for agriculture, £117,514 
for technical education, £338,243 for medical services 
and health, £548,168 for rural water supplies, £39,395 
for veterinary services, £35,861 for leprosy control 
and £26,771 for forestry. £1,312,500 has been pro- 
vided for the development of rural water supplies in 
the Eastern Region of Nigeria, £536,250 for developing 
medical and health services; and of £1,204,840 for 
the development plan of the Western Region of 
Nigeria during 1955-56, £245,210 is for agriculture, 
£548,810 for medical services and health, £92,010 for 
technical education, £43,070 for leprosy control, 
£33,270 for veterinary services, £24,570 for forestry, 
and £49,600 for rural water supplies. £115,530 is for 
the development of medical services and £149,278 
for soil conservation in Basutoland, £83,724 for 
development of surface water supplies in Bechuana- 
land Protectorate, £113,185 for rural development 
and soil conservation in Swaziland; £82,000 for 
agriculture and forestry development in St. Helena; 
£510,000 for irrigation and domestic water supplies 
in Mauritius; £80,781 for the construction of 4 
pathology building for the University of Hong Kong; 


£984,000 for the construction of permanent buildings | 


for the University of Malaya; £50,000 for aerial 
survey in British Guiana; and £45,000 for con- 
struction of a chemical laboratory in Jamaica. 
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BRITISH ASSOCIATION MEETING AT SHEFFIELD 


TWENTIETH-CENTURY MAN AGAINST ANTARCTICA* 
Appress sy Sin RAYMOND PRIESTLEY 


President of the Association 


HE British more than most peoples go in for 

paradoxes. It is therefore not atypical that the 
British Association should, once in a while, elect as its 
President a man who has been away from science for 
some forty years. After all, even in this technological 
age, the value and the advancement of science in a 
democracy both depend to a considerable extent 
upon a correct appreciation of the importance of 
science by the layman at large. There was an element 
of statesmanship in the man who coined the phrase 
“we must educate our Masters’. We cannot afford to 


fumble over this vital question of education while we . 
exist precariously in a competitive world. Especially , 


is this so when at least one of our rivals is not yet com- 
mitted to majority rule, but has her policy directed by 
men who have both the sense to mobilize the wealth of 
new knowledge technology is placing at man’s dis- 
posal, and the power to compel the rank and file to 
use that know-how to the best advantage. So I shall 
make no apology this week as I wander from Section 
to Section as—shall we say—a touchstone of 
intelligibility. 

As I stand here in my present predicament, I draw 
courage from two facts. The British Association is 
this year undertaking a serious study of how it can 
best discharge its particular responsibility in the 
circumstances of to-day, which are as different from 
those that prevailed when the Association was 
founded more than a century ago as chalk is from 
cheese. The Association’s functions of integration and 
dissemination are expressed in its title and set out at 
greater length in its constitution. To-day they are 
more important than they ever were before, and the 
duties involved are much more difficult to perform. 
The world can no longer afford to wait until an 
annual convention for the announcement of major 
discoveries in science. A great apparatus of scientific 
periodicals has in any event removed the need. Yet 
the annual parade of science before the people should 
have its value. At that parade science must wear the 
abbreviated bathing-costume of the nineteen-fifties 
rather than the Victorian crinoline, so that the beauty, 
the challenge and the danger of the truth may be 
seen by all. This aim can only be achieved to the 
extent that the scientist can state his results in 
language that can be appreciated at least by the 
average educated citizen. An approach towards 
that ideal is one task that we have given to our 
Division for the Social and International Relations 
of Science. 

A second task that must follow from this first is to 
attract endowment sufficient to make our means— 
adequate enough a hundred years ago when pounds 
were pounds—equal to the performance of a greater 
task in @ more expensive world. To solve the latter 
problem we must do two things. We have to make 
our meetings sufficiently attractive so that our mem- 


* Presidential audress delivered at Sheffield on August 29 and 
appearing in the September issue of the Advancement of Science. 


bership taxes the accommodation of the great cities 
in which we meet. At the same time we must con- 
vince industry that we have a task worth doing and 
are equal to that task. This should not be beyond our 
powers if we think our first problem through. 

My second comfort to-night is the fact that I have 
chosen for my main theme a subject about which, if 
I know too little, the great majority of my listeners 
will, from direct experience at any rate, know less. 
Antarctica is remote. It has therefore still to a 
great extent the fascination of the unknown. It is 
vast. Its area is six million square miles; nearly as 
large as Europe and Australia together. The greater 
part of the continent’s surface lies between 6,000 and 
11,000 ft. above sea-level and is covered with ice 
several thousand feet thick. The oceans surrounding 
it teem with life as do no other waters in the world. 
For half a century whaling man has followed in the 
explorer’s track to farm these seas. The continent 
these waters surround is practically devoid of life, 
and this is due primarily to the fact that, over most of 
it, there is no single month in the whole year in which 
the mean monthly temperature is above the freezing 
point of fresh water. This is a salient fact to remem- 
ber. Low winter temperatures, no matter how severe, 
are not incompatible with the existence of highly 
organized life-forms. They are therefore not a serious 
obstacle to civilized man with his present knowledge. 
Maximum winter cold is one record the U.S.S.R. can 
justly claim, though only just, for Canada and the 
United States are not far behind. Yet in no country 
is scientific man more firmly installed or more at 
home than in these three. 


The Pre-War Years 


The story of the recent history of exploration in 
Antarctica is a fascinating one. Before 1900 the 
defences of the continent had been breached by a 
Norwegian seaman so keen to make a first landing 
that he pushed aside his superior officer and sprang 
thigh-deep into icy sea. A year or two later this same 
Norwegian adventurer, Carstens Borchgrevinck by 
name—a man of parts if not of punctilio—backed by 
an English publisher, Sir George Newnes, had spent 
the first winter on the antarctic continent at Cape 
Adare and made the first tentative push inland on the 
Ross Barrier—a trivial but a significant record. 
Much greater things were to follow soon. 

The first fourteen years of the twentieth century 
have been named, not inappropriately, the heroic 
age of antarctic exploration. The tale is a fitting 
element in the surge of geographical discovery that 
was a feature of the peaceful Victorian and Edwardian 
reigns when major wars were rare and a steady 
approach towards an eventual Utopia—at any rate 
for the European ruling classes—was expected by 
most thoughtful men. This surge of antarctic dis- 
covery opened with a sharpening of international 
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interest and in cordial co-operation. European 
scientific societies, under royal patronage—more 
common then than now—conferred politely about 
spheres of interest. Scientific leaders were chosen, or 
chose themselves ; old tried equipment and methods 
—the Nansen sledge and cooker; men, dogs and 
arctic tents—were translated to a new field, and the 
twentieth-century antarctic race was in full swing. 

By 1904 the more accessible parts of the antarctic 
coastline had been the temporary homes—for one or 
two years—of European teams with a strong element 
of natural science. These first scientists were for- 
tunate, as we now know, in the location of their 
headquarters. Biological and geological discovery 
went on apace, and we gained our first slight know- 
ledge of the physical condition of antarctic ice and 
atmosphere. In the meantime sledge parties pene- 
trated for many miles along the coast and made the 
first tentative journeys inland. 

The Swedes, under Otto Nordenskjéld, were for- 
tunate in their location and lucky in their bad luck. 
They lost ship and gear in the polar pack, but were 
consequently pioneers in living on the antarctic land. 
They survived with courage and cheerfulness through 
two difficult years, during which they collected evi- 
dence of several former antarctic floras and they 
afforded a good example of international co-operation 
by being rescued by an Argentine naval vessel. 

Bruce and his Scots left behind them, in Argentine 
occupation, the first permanent antarctic weather 
station. This last achievement had results that were 
to be of some importance when the temper of the 
world had changed. French, German and Belgian ex- 
peditions contributed to this mass assault with notable 
but unspectacular results. From the international 
effort there were three important exceptions. Norway 
and the United States, both of whom had considerable 
polar experience, were looking towards the arctic at 
this time. Imperial Russia—as she then was—who, 
many years before, in Bellingshausen, had produced 
one outstanding antarctic explorer, had relapsed into 
her more usual rather introspective mood. 

I have left the British effort until last, for while it 
was, geographically speaking, the most notable of all, 
it also leads naturally on to the second phase—the 
quest for the southern pole. This period was the 
heyday of the polite recognition of national spheres 
of interest, and in Antarctica we started with a 
long lead through the chance that James Ross had 
approached the continent in the season 1840-41 at 
the place where the land is most deeply breached by 
the sea. Scott effected a landing as far south as 78°, 
and no one by ship could do much better even to-day. 
Being of an energetic race—at any rate in all that 
appertains to physical exercise and sport—his men 
took to their legs and penetrated deeply into the con- 
tinent. Employing archaic sledging methods inherited 
from the Franklin search in the Arctic, but gradually 
evolving an efficient sledging technique within these 
limitations, Discovery sledge parties set a pattern that 
accomplished a great deal but was eventually to cost 
us the pole and several valuable lives. They learned 
that scurvy was not a menace confined to arctic travel 
and long ocean commissions. On the southern jour- 
ney the mere suggestion that his breakdown from 
scurvy was @ cause of comparative failure produced 
in an extraordinary man an obsession which was to 
govern the rest of his life and give a name to Shackle- 
ton Base to-day. The curious chance that one of 
Scott’s officers had served with Jackson in Franz 
Josef Land led to the employment of ponies as draught 
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animals in Antarctica, with further diversion of the 
British mind from that real polar sledging treasure— 
the dog. ip 

There followed in the next few years the polar cjuest, 
In 1908, Shackleton, to some extent in pursuit (f self. 
respect, made the greatest leap forward towards 


either pole that any leader ever made. He traversed 
the Ross Barrier 300 miles from front to rear, an¢ 
when the mountain ranges curved across his path, 
struck up the longest valley glacier in the worl, and 
penetrated over the plateau in face of a galling head. 
wind and below zero temperatures to within ninety. 
seven sea miles of the pole. It is fair to say that when 
he turned back—a decision surprisingly discreet to 
one who knew the man—we knew exactly what the 
southern pole was likely to be like. The only surprise 
to Scott and Amundsen three years later was the fact 
that a ski-stick could be pushed its whole length: into 
soft snow because of the absence of strong wind, 
Shackleton returned—but only just. Forty-eight 
hours of fine weather on the Beardmore glacier when 
the party was on starvation rations and looking for a 
depot was typical of ‘Shackleton’s luck’ as we knew 
it in that wonderful year. 

Of the Amundsen-Scott race I say little because 
there is no polar story so well known. Within a month 
two parties of five men stood at the South Pole. One 
did not return. The British lost the race and gave their 
lives because their methods were less than the best. 
We did most of the approach work to both poles and 
were beaten at the post because we did not fully 
understand the value of dogs as transport animals 
nor how to get the best out of those we used. Other 
factors contributed to the tragedy ; but the stark fact 
is that, with sledging rations completely devoid of 
vitamin C, the margin of safety of any man-hauling 
party to the South Pole from any base on the rim of 
the continent is too small. Scott committed errors of 
organization for which he more than atoned by the 
manner of his death. He should not have changed his 
parties from two units of four men to one of three and 
one of five. By doing so he endangered the party 
going home, who had, without measuring or weighing 
apparatus, to take exactly three-quarters of the food 
from dozens of weekly bags. He handicapped his own 
party psychologically by crowding them in a tent 
meant for four men and disorganizing a very carefully 
thought-out routine. He made, in my opinion, a bad 
mistake in taking with him three officers and one long. 
service seaman. Seaman Evans was in a thought- 
tight compartment by himself and was naturally the 
first to break. The weather was unkind. Only recently 
an American scientist has pointed out that, of all the 
years of which a meteorological record has been kept, 
1912 was the stormiest on record and the winter of 
1912 set in unusually early. Nevertheless, scurvy was, 
I believe, the decisive factor. Under man-hauling 


conditions, four months is about as long as men haul- 


ing sledges can live on rations completely devoid of 
vitamin C. Once that period had elapsed, nervous and 
physical deterioration was bound to set in, sores to 
refuse to heal, and lassitude to supervene. Scott's 
southern party did not starve to death. 

This about completes the tale of British antarctic 
exploration before the First World War, so far as 
positive achievement is concerned. But there are 
other things to record before we are finished with the 
pre-war years. Australia launched her first antarctic 
venture in 1911, and by 1914 Douglas Mawson had 
proved his status as polar leader, polar scientist and 
traveller, and had, incidentally, set a record of 
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endurance that will never be surpassed. Losing one 
member of @ three-man sledge party down a@ crevasse 
with most* of their provisions, he saw another die of 
exhaustion at his side, and then, alone, staggered along 
for three weeks, to arrive at his base one day after his 
ship had left for home. In the autumn of 1913, I was 
with Prof. David at his Blue Mountain home when the 
news was flashed across in the first wireless com- 
munication ever sent from Antarctica to civilization 
without relay, in itself a significant milestone in 
antarctic history. Mawson, staying south a second 
year, more than doubled his results, which, with the 
time-lag characteristic of our antarctic scientific 
memoirs, are still coming hot from the Australian 
press t )-day. : } 

These years also saw the birth in the minds of 
William Bruce and Ernest Shackleton of a significant 
idea still unfulfilled—the Transantarctic plan, which 
belongs more properly to the years of war that were 
to bring the long Victorian—Edwardian age to its end 
and profoundly change the temper and outlook of 
mankind. 

What were the dividends that accrued from this 
first twentieth-century wave, characterized as it was 
by a rather attractive blend of adventure, science, 
individual rivalry, and international good manners 
and good will ? There were quite a few, but from among 
them I should like to pin-point two. I was once a 
geologist, s0 I may be excused if I go to that field for 
my first example. The most intriguing feature of 
polar geological research has, unquestionably, been 
the evidence of past changes of climate so revealed. 
East Antarctica we saw, and see to-day, as a conti- 
nental shield that had remained relatively stable 
through the ages with, piled upon it, horizontal 
sediments, which are a record of its denudation and 
the profound changes of level that have occurred as 
the aeons passed. West Antarctica we think of as a 
prolongation of Andean folds. Between the two lies 
the so-called Ross-Weddell Graben. We still cannot 
be certain, as we were certainly not in 1914, whether 
or not the severance is complete, though evidence 
from air survey makes it more probable that Antarc- 
tica is one continent than two. 

On this continent, in 1914, we knew of Archaeo- 
cyathus, & common ancestor of sponges and corals, 
occurring in Cambrian limestone-stunted forms it is 
true, but still evidence of warmer seas. Coal seams 
seven feet thick of Permo-Carboniferous to Rhaetic 
Age were found in the Beacon sandstone that caps 
the horst that dominates Victoria Land. From the 
Priestley Glacier came part of a Rhaetic tree contain- 
ing in its tissue a tiny winged spore. From the upper 
ranges of the Beardmore Glacier—collected by a 
disappointed and weakening party, carefully cached 
a few miles from where they died—came 40 Ib. of 
priceless specimens, including Glossopteris indica, 
type fossil of the Permo-Carboniferous so widely 
spread in Australia and elsewhere. From the fold- 
ranges of West Antarctica, Nordenskjéld and Gunnar 
Anderson collected in succession Jurassic, Cretaceous 
and Tertiary floras culminating in Fagus antarctica, 
the southern beech. Stranger still, in all our wander- 
ings, no single formation of undoubted glacial origin 
was found older than late Tertiary Age. This remains 
the classic problem of antarctic geology ; fit subject 
for discussion at British Association symposia—a 
problem that as a very ex-geologist I will not attempt 
to solve. Perhaps paleeo-magnetism may yet provide 
the missing clue and Wegener be finally justified, or 
finally set aside, 


Pre-First World War exploration paid handsome 
dividends in a more prosaic field. The Compagnie 
Argentina de Pesca has just celebrated a jubilee, its 
fiftieth year of whaling, which makes the first shore- 
based antarctic whaling station stem from Norden- 
skjéld and his Swedes. To some extent the name 
misleads, for to the credit of Norway must go most 
major technical improvements in whaling, from the 
basic small fast whale-catching vessel to the harpoon 
gun. Of the vicissitudes of whaling one gets some idea 
when it is realized that, in one’s Victorian youth, 
whalebone for ladies’ stays was a chief objective, while 
to-day whalebone is the least valuable portion of the 
whale, and it and the tail flukes are the only parts dis- 
carded. There are rumours to-day, however, that 
whalebone may come back into use as a raw material 
for artificial silk. 


The First World War 


In 1914 antarctic exploration was diminished rather 
than inhibited by the First World War. That War was 
not quite global in extent, and, in the first years at 
least, until unrestricted submarine warfare set in, 
some of the old polite conventions survived from the 
days when wars were the affair, in the main, of gentle- 
men and professional soldiers. Shackleton left for the 
south in pursuit of his Trans-Antarctic quest after 
having offered ships and men to the Admiralty and 
having been told to go ahead. As I have said, his first 
expedition was a great success—in its way unique. 
Yet Shackleton never showed himself a greater leader 
than when he brought crew and shore party safely 
through this second, completely unsuccessful expedi- 
tion without the loss of a single man. Crushed in the 
ice of the Weddell Sea, the Hndurance was lost 
with most of her records and practically all her 
specimens. 

The boat voyage from Elephant Island to South 
Georgia was an epic seldom surpassed in the history 
of navigation. Shackleton, the sailor, made little of it. 
Shackleton, no mountaineer, dramatized the scramble 
across the South Georgia ranges overmuch. Shackle- 
ton, the undefeatable, made four attempts in tiny 
ships to rescue his marooned companions and at last 
succeeded. Then Shackleton, the versatile, donned 
army uniform and became a clothing and equipment 
expert in Murmansk. I served both with Shackleton 
and Scott and very briefly met Amundsen in mid- 
career. I believe a colleague hit the nail when he 
wrote: ‘As a scientific leader give me Scott; for 
swift and efficient polar travel, Amundsen ; but when 
things are hopeless and there seems no way out, get 
down on your knees and pray for Shackleton’. 
Shackleton Base for a Trans-Antarctic Expedition is 
right. 


The Inter-War Years 


I must be forgiven if I have appeared to stress too 
much these early years, for in these I played a minor 
part. For the rest I must hasten, picking out only 
the salient features as I bring the, to me, fascinating 
story up to date. 

As Europe and America recovered their poise, two 
trends, both important to antarctic exploration, can 
be recognized. America awoke to Antarctica and 
brought to her aid all the resources of modern 
mechanical science. Shackleton, Scott and Mawson 
had taken the first halting steps in this direction with- 
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out success. In 1908 I had my first motor-car ride in 
McMurdo Sound near 78°S. latitude in an open, 
Arrol-Johnston car with air-cooled engine and with 
wheels. For ten miles we did thirty miles an hour on 
windswept sea ice and then met snow and stopped. 
Scott’s first tractors had little better fate. Mawson’s 
aeroplane crashed in Adelaide in 1911, but journeyed 
to Antarctica as an alleged air-propelled sledge—and 
stayed at or near headquarters when there. But in 
the thirties Byrd used tractors and aeroplanes with 
success and on the grand scale. He flew to the Pole 
and back, and in 1937 Ellsworth flew across the con- 
tinent, landing several times on the way. These were 
major feats and pointed to a new era to come, in 
which radio, not an unmixed blessing, but an aid that, 
once available, could not be ignored, combined with 
many other mechanical and electrical aids to trans- 
form the antarctic scene. 

Meanwhile, in West Antarctica, quite different 
developments of equal interest to the polar specialist 
were taking place. Even pre-1914 War polar explora- 
tion was not really dangerous compared with civilized 
life. But scurvy was, as I have shown, a major 
hazard, and winter sledging could be very uncomfort- 
able indeed. I have left winter quarters for cold- 
weather sledging with a sleeping-bag weighing 12 lb. 
and returned with the same bag 28 |b. in weight. All 
the extra weight was frozen breath and sweat that 
had to be thawed out and warmed before I could 
sleep. In 1907-12 we were strictly geared to the polar 
quest. One gallon of oil had to last four men a week, 
or three men for ten days. Not a drop could be spared 
from its primary task of preparing hot meals. In 
1926 or thereabouts a very remarkable generation of 
arctic explorers arose in Cambridge. They evolved an 
efficient technique of living on the land, and, on the 
sea in kayaks: they ‘out-Eskimoed’ the Eskimos. 
Gino Watkins and his colleagues did more than any 
other factor to rehabilitate British polar exploration 
in Scandinavian countries, where our reputation had 
rather slumped through Amundsen’s easy and clear- 
cut victory in the polar quest. In 1934 these men 
transferred their attention to Antarctica as the British 
Graham Land Expedition under John Rymill. The 
menace of scurvy had gone (except under catastrophic 
circumstances) with the availability of vitamin C in 
tablet form and the rational use of what meat the 
Antarctic can provide—which, along the coast, is a 
great deal. Winter travel had been made compara- 
tively comfortable by doubling the oil ration; a 
simple but fundamental change from which, however, 
the early man-hauling pole-seekers were inhibited by 
the nature of their task. From Rymill’s generation, 
in direct descent, stem the early leaders of the Falk- 
land Islands Dependencies Survey, that present 
British nursery of dog-sledging technique, admittedly 
unequalled, in this particular respect, in the antarctic 
world, though our cousins the Australians are hard on 
our heels. 


The Second World War 


In 1939 the Second World War broke out, and for 
some years the Antarctic was deserted as never 
before in this century. This War was truly global and 
total. All civilized conventions went by the board, 
and in the struggle for survival no holds were barred. 
German raiders used sub-Antarctic bases as supply 
depots and bolt-holes in their raids on Allied shipping 
and the whaling fleets. In 1938 the Reich had sent a 
catapult ship carrying two flying-boats to Antarctica 
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to stake a claim and spy out the land. The subs: juent 
raids underlined the rather sinister emergence of 
politics and national ambition as motives 1, the 
antarctic exploration field. It was a variant on an ojq 
theme. Iceland and Greenland in the tenth century 
owed their exploration and settlement not | ast {) 
the fact that Eric the Red and his turbulent fellow 
Vikings could not bring themselves to refrain from 
homicide. The difference, after all, is one o scale 
rather than of type. The raider Kismet sank nine 
ships totalling 57,000 tons, the Pingowin sank 1:36,909 
tons of Allied shipping and captured a whalin, fleet 
with 22,000 tons of oil. 

In 1939-40, before her entry into the War, the 
United States staged a major expedition whic! had 
the distinction of embracing, for the first time, both 
East and West Antarctica, bases being established 
both at Little America and at Marguerite Bay in what 
we call Graham Land and the Americans Palmer 
Land, a clash of nomenclature that reflects a contro. 
versy a century old. In 1944-45, when the Allies’ naya| 





supremacy was re-established and the sea war over, q | 


naval expedition under Commander Marr—who firs 
went south as a sea-scout under Shackleton —was 
sent to West Antarctica, and the Falkland Islands 
garrison was strongly reinforced. Landings were 
made at Deception Island and Port Lockroy and the 
Melchior Islands. The Falkland Islands Dependencies 
Survey began to take shape. 

A new factor in Antarctica had emerged ; Argen- 
tina and Chile were looking to the south. Is it un. 
reasonable to infer that, in these fateful years, witha 
bias towards totalitarianism themselves, they had 
decided—wrongly—who would win the war, and had 
determined, not unnaturally, to pick up what they 
could of the geographical loot that might be lying 
about when the British Commonwealth and Empire 
had been destroyed ? Argentina, at least, had some 
claims to succession: though not to usurpation 
when the elimination of the present occupier did not 
in fact take place. 


The ‘Cold-War’ Years 


When we study the history of antarctic exploration 
from the end of the Second World War the pattern 
becomes more complex. There is plainly to be seen 
the reflexion of the great dilemma that confronts 


civilization in this era of rapid technological develop. | 


ment in the circumstances of ‘cold war’. As man’s 
mastery of machines progresses and his movements 
become more rapid, the Earth, considered in terms of 
time taken to traverse it, shrinks. This fact makes 
international organization and international under- 
standing more imperative year by year; an inter- 








national outlook more essential to the survival of , 


civilized man. At the same time, the course of recent 
events has encouraged an aggressive nationalism 
which is rapidly bringing about the dissolution of the 
old colonial empires and the emergence of new States, 
inexperienced and prickly, eager to assert their new- 
gained rights and to enlarge their realms. 

This dichotomy is mirrored in the antarctic history 


of the past ten years. The year 1948, for example, saw | 


the conception of the first truly international antarctic 
expedition. 
wegian—Swedish—British Expedition of 1949-52 was 
launched with purely scientific objectives. Two years 
of first-class scientific work was done in amity by 4 
truly international team who emerged from the 


On the initiative of Norway, the Nor. | 


experience with enhanced mutual respect and a 





| 








——— 
pager Sagi 
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record of work of unsurpassed value. The inland-ice 
of Queen Maud Land was investigated to a depth of 
100 metres by platinum-resistance thermometers and 
a core taken down to 200 metres. Six hundred and 
fifty successful radio-sonde ascents were made up to 
a maximum of 72,000 ft. A seismic profile of the 
inland-ice was accomplished during a penetration 
inland of 390 miles. Aeroplanes of the Norwegian and 
Swedish air forces combined to extend a survey well 
begun by the expedition’s weasel- and dog-sledging 
parties. Organization was efficient and the work 
done in comfort, as when my friend G. de Q. Robin 
lived for several months on the plateau in a caravan 
fitted up as seismic laboratory and living quarters 
combined, much as if he were on @ vacation tour at 
home. Yet, even to-day, exploration is not without 
its risks. Three men lost their lives when their vehicle 
plunged into the sea over the coastal ice-cliff during 
a dense fog. 

Such amity among the nations, however, remained 
the exception rather than the rule, for competition is 
more common than co-operation in the world to-day. 
In West Antarctica, Britain was faced with claims 
both by Argentina and Chile, not only to that sector 
of the continent, but to the off-lying islands and the 
Falkland Isles as well. By 1945 the South American 
neutrals had tabled claims to all land to the south of 
that continent. These claims were based partly on 
geographical propinquity, partly as successor states to 
Portugal and Spain—as inheritors of pretensions that 
stem from the Treaty of Tordesillas in 1494 and the 
Papal Bull upon which that treaty was based— 
partly, in the ease of Argentina, on occupation for a 
number of years. 

Twisting the lion’s tail is to-day a safer occupation 
than it was a century ago. Yet Britain has reacted 
vigorously enough, through occupation and adminis- 
tration, upon a major scale. The Falkland Islands 
Dependencies Survey is a name that stands for an 
effort in antarctic activity that is, in its way, unique 
Since 1944 this activity has been maintained on a 
steadily increasing scale. To-day Britain has ten 
permanent bases in West Antarctica, with a magis- 
trate and supporting team at each. From those on 
the mainland the old Watkins—Rymill tradition of 
dog-sledging has been maintained and improved, 
journeys totalling thousands of miles having been 
made. 

The bases breed their own dogs and carry out 
continuous trials of equipment and rations. In fact, 
an experimental laboratory in methods of polar 
travel has been in existence there for a dozen years. 
A very complete meteorological record is kept at all 
stations for the benefit of the whaling industry, from 
which, until recently, the costs of occupation were 
mainly defrayed. At some stations an ionospheric and 
seismological programme is in full swing. Topo- 

graphical and geological surveys are major objectives. 
This year a start has been made on an aerial survey of 
the whole region in dispute. 

Side by side with the British bases, sometimes 
within a few hundred yards, stand those of Argentina 
and Chile, manned chiefly by Service personnel. 
Our Chancellery proposes—-theirs refuse—arbitration 
through the International Court. Formal protests are 
bandied to and fro. Through it all, with very occa- 
sional exceptions when for the moment national 
fervour outruns good sense, the personnel of the 
expeditions interchange social visits and afford each 
other mutual help. Straying Argentine St. Bernards 
are returned by British scientists ; anniversaries are 
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celebrated in common ; British invalids are cured by 
Argentine doctors and vice versa; Argentine beef 
and champagne prove acceptable exchanges for Scotch 
whisky and English beer. 

What will come of this international rivalry it is 
impossible to predict, world balance of power being 
so delicately poised. In 1948 the United States made 
a proposal to seven Governments for a limited kind of 
condominium control. From time to time one nation 
or another formally reserves its rights. The suggestion 
of United Nations control finds increasing favour in 
many quarters and has been mooted in the British 
Parliament. In the meantime, the situation is bound 
to have its effect on polar achievement in many ways, 
of which I may mention two. 

It greatly increases the amount of money, man- 
power and energy expended upon the opening up of 
the southern continent. If, for example, the U.S.S.R., 
however pure her motives, gazes polewards, the 
United States must perforce take notice too. The 
strategic value of Antarctica, should world atomic 
war break out, with the consequent likelihood of the 
destruction of the Suez and Panama Canals, will stem 
from the fact that all inter-continental seaborne 
traffic, and much coastal traffic as well, must then 
proceed via the Cape of Good Hope and Cape Horn. 
In the circumstances, from this cause alone, concern 
with Antarctica, as a possible air or submarine 
base, is bound to be a preoccupation of any great 
Power. 

Antarctic exploration and exploitation are bound, 
therefore, to become more and more an affair of 
Governments rather than, as in the past, of individual 
adventurers or scientific societies. At the same time, if 
the experience of the past ten years is any criterion, 
less and less scientific result will accrue per unit of 
energy and money expended. Foreign ministries, 
even more so defence ministries, are very remotely 
concerned with science for its own sake. This marked 
failure to work up and publish results is, indeed, the 
outstanding feature of the antarctic record since the 
Second World War. This is an aspect of modern 
antarctic exploration to which the British Association, 
as other science associations, might well give some 
heed. 

I cannot, within the bounds of a single address, 
hope to deal with the work of all countries in Antare- 
tica since the War. The Americans have planned and 
carried through operations almost on a war scale. 
Admiral Byrd goes south periodically with many 
ships and thousands of officers and men. In 1946, 
for example, planes from the deck of an aircraft- 
carrier, standing off the coast, reconnoitred some 
800,000 square miles in a few weeks. Airborne 
magnetometers were used for the detection of islands 
completely hidden by land-ice. Icebreakers steamed 
in a matter of days half-way round Antarctica from 
the Ross to the Weddell Sea, and, incidentally, pulled 
out Finn Ronne’s party, which had done a unique job 
of dog—air co-operation with the British under Butler 
along the Graham Land coast. This American party 
made history by overwintering two women at their 
base. In theory a further step in co-operation was 
achieved when an agreement was signed making 
photographs and specimens mutually available ; but 
alas, things have not worked out so well in practice 
as was hoped. Returned antarctic explorers are as 
human as anyone else. One of the announced 


motives of the American exercise was the testing 
of men and equipment in case of the outbreak of 
‘hot’ war. 
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The contributions of Australia, with the veteran 
Douglas Mawson as the main driving force, and of 
France, have been outstanding too. In Kerguelen, 
France has a sub-antarctic scientific outpost of first- 
class quality and is preparing airstrips there 3,000 
metres and 2,000 metres long. An intriguing side- 
issue is the attempt to acclimatize “reindeer, mink, 
sheep, pigs, and ponies’. From a base in Adélie Land 
the French have explored widely along the coast and 
some distance inland. Australia has permanent 
stations established at Macquarie Island and at 
Mawson on the mainland. A spokesman has recently 
defined her objective as the making of short forays at 
selected points on the antarctic continent, concen- 
trating on specific scientific problems, which suggests 
that here, at any rate, the old scientific spirit is still 
alive. 


Whaling 


No account of twentieth-century man’s relationship 
to Antarctica would be complete without some 
reference to the history of the whaling industry. 
Whatever may happen in the future, so far whales, 
elephant seals and fur seals are the only tangible 
assets antarctic exploration has produced. 

The first shore-based venture in South Georgia in 
1904 employed one catcher and took 195 whales. In 
1954-55 nineteen factory ships, three shore stations 
and 254 whale catchers between them accounted for 
37,654 whales and produced 372,956 tons of oil and 
nearly 80,000 tons of meat products. Until the present 
spate of Government activity set in, antarctic explora- 
tion had, through this single asset, paid for itself over 
and over again. 

The whaling industry has not been without its 
vicissitudes. The price of oil has fluctuated from 
£8 10s. a ton to £170 a ton. though it is now fairly 
stable at £75. But operating costs increase steadily 
and to-day the margin of profit has become very 
small. The success of whaling, of course, even if 
prices are remunerative, must depend upon the main- 
tenance of the stock of whales, and this has led to 
international regulation on a considerable scale. In 
the early days the industry was carried on from shore 
stations, all of which were, in those less complicated 
times, in the undisputed control of Britain. The 
industry was easily controlled by the issue of licences. 
In 1925 the situation was transformed by the inven- 
tion of the floating factory, and the stern slipway 
followed soon. Up the latter the whales could be 
hauled by winches and flensed and rendered-down on 
board, thus doing away with the need for a shore base 
away from the home country. From now on an 
entirely different type of control was needed. The 
League of Nations in 1931 drew up a convention 
which established the principle of the international 
regulation of whaling on the high seas. In 1933 most 
companies agreed to voluntary limitation of catches. 
Whaling inspectors were appointed to accompany all 
ships in 1934-35. Complication was caused by the 
defection of Germany and Japan from the League just 
before the Second World War; but when the War 
was over, the International Commission was estab- 
lished in 1946. The catch is now limited to 15,000 
blue whale units. Despite protective measures, the 
blue whale stock has greatly decreased, and there are 
to-day signs that the fin whale stock, now the main- 
stay of the industry, is on the decline. 

The skill of the whalemen of Norway has been both 
the strength of, and a danger to, the whaling industry. 
Something in the nature of a Guild of Whalemen has 
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developed with its accompaniment of a jealously 
guarded monopoly of skill. The two chief trends of 
the half-century have been the improvement of the 
technique of whaling and the more efficient utilization 
of the body of the whale. In the former field Noy. 
wegians have been supreme, though recently .sefy| 
innovations such as the electric harpoon—to replace 
the destructive harpoon-gun—and the echo whale. 
finder have originated in Britain. Other notable 
developments have been the use of helicopters for 
finding whales and the attachment to whale carcases 
of small wireless transmitters so that catchers ({itted 
with direction-finding apparatus can home on them in 
any weather conditions. In utilization Britain has. 
perhaps, taken the lead. To-day almost every part 
of thé whale is used. The main use of whale oil is, of 
course, the manufacture of margarine and soap ; but 
it is also used as burning oil, for tempering steel, for 
leather dressing, and in Jubricants. Experiments in 
the production of artificial wool from blubber are 
under way in Japan. Whale-meat meal is used for 
feeding cattle, pigs, poultry and silver foxes ; small 
quantities of whalebone for the grooving of sliding 
doors, for collar studs and stiffeners, for cigarette 
cases and the backs of hairbrushes. Canned whale- 
meat is to-day, even in peace time, in some countries 
a common form of human food. In 1954, 30,000 tons 
of salted whale-meat was used as food for miners in 
Japan alone. In 1954-55 these by-products were worth 
nearly a million pounds. 

Whaling springs from exploration ; but it has, in 
its turn, had a profound influence upon exploration. 
Here again, there has been a curious mixture of effects. 
Whaling captains, by and large, are, not unnaturally, 
loth to give away the location of good hunting. 
grounds. From this natural reticence have sprung 
many of the contradictions and uncertainties of polar 
history in the past. This trait must bave had its effect 
upon the controversies about priority of claim that 
have been so frequent and so bitter. Yet there have 
been from time to time enlightened owners and skip- 
pers who have contributed notably to the unveiling 
of the southern continent and the islands off its coast. 
From the nineteenth century Messrs. Enderby Bros., 
John Biscoe, and Weddell immediately spring to 
mind. Their names are rightly written large upon 
antarctic maps. In the present century the firm of 
Salvesen, Captain Larsen—who died while whaling in 
the Ross Sea—Lars Christiansen, and Mikhelsen, 
equally deserve to be remembered as explorers as 
well as whalers. 

Another valuable contribution to the exploration 
of antarctic seas that springs directly from whaling is 
the oceanographical research carried out by the Royal 
Research Ships Discovery I and IJ, and now continued 
by the National Institute of Oceanography. This 
work was originally financed by the United Kingdom 
from whaling dues. The Discovery’s work is essentially 
a survey of the antarctic seas and their organic 
resources. These seas have an exceptional density of 
marine life, and oceanographical conditions are dis- 
tributed in a simpler pattern than in most other 
oceans. For twelve years between the wars R.R.%. 
Discovery covered the southern charts with a complex 
network of courses, encircling the globe. The scientific 
results surpass even those of the Challenger. By 1938, 
eighty memoirs by fifty authors filled fourteen 
volumes. More than 4,000 whales had been marked. 
Her researches on the breeding and life-cycle, the 
distribution, migrations, and habits of the whale 
have been of major importance to the successive 
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bodies responsible for the regulation of the industry. 
The oceanographic survey has revealed the broad 
structure and mechanics of the principal water masses 
and currents and certain basic features of the distri- 
bution of the ocean plankton. 


The Antarctic To-day 


So we come to the present day and to a fresh resur- 
gence of interest which we can really claim has science 
for its main drive. Twice in the past, during 1882-83 
and 1932-33, the scientists of the civilized world have 
planned an International Polar Year. To-day they 
plan again, but, as is fitting, on a vastly larger scale, 
the International Geophysical Year for 1957-58. 
Although it is intended to cover the whole Earth with 
chains of stations from pole to pole, the systematic 
exploration of the physical phenomena in and over 
Antarctica is a most striking component of the plan. 
A long-range practical objective has been described 
as a better understanding of climatic variation and 
the study of the nature of long-period climatic change. 
We are apt to forget how much the present pattern of 
our civilization depends upon the latent heat of 
ice. If the present ice-sheets of the world melted in a 
hurry, sea-level would rise somewhere about a hundred 
feet. This would, among other painful things, bring 
about the greatest slum clearance the world has ever 
known. The present long-term tendency to glacier 
retreat is, however, accompanied by a rise in sea-level 
of only four inches a century. The rise in the tempera- 
ture of ocean water that accompanies this climatic 
change has important repercussions on the fishing 
industry, upon which the welfare and livelihood of 
tens of thousands of European families depend. 
Another question still a matter of controversy is 
whether continents move, and, if so, at what rate. A 
fuller knowledge of the ionosphere will help in improv- 
ing wireless communications, which are now essential 
totour mode of life. Upper atmospheric studies are 
important in the future development of high-flying 
aircraft. 

The immediate observations that will be made 
during 1957-58, chosen because it is a year of nearly 
sunspot maximum, are, however, concerned with the 
exact recording of physical phenomena which will 
appear to the layman as the purest of pure science. 
Yet Sir Edward Appleton has lately reminded us that 
history has taught us to regard pure science as the 
capital of scientific knowledge, capital that has 
vielded astonishing dividends from time to time. 

The world is entering on its latest experiment in a 
big way. A mere enumeration of the subjects of study 
is evidence enough of the comprehensive nature of the 
programme. Meteorology, the study of aurora and 
airglow, geomagnetism, ionospherics, ozone, cosmic 
rays, glaciology, solar activity, variation in longitude 
and latitude, seismology and oceanography, are all 
embraced. I can even visualize a little geology being 
done on the side, though most of the people concerned 
may never handle antarctic rock. The total cost of 
the plan has been assessed at £100,000,000. No less 
than forty-five nations have pledged themselves to 
play their part. In and around Antarctica there will 
be more than forty stations, of which three will be, 
respectively, at the geographic pole, the geomagnetic 
pole, and the Pole of Inaccessibility*. These last will 
be supplied and maintained entirely by air. 


* The term was first used by Vilbjalmur Stefansson to indicate the 


point in the Arctic Ocean which was theoretically most difficult of 


access under the sledging conditions prevailing in his time. As applied 
to the antarctic continent, it must presumably mean the spot on the 
inland ice most remote from an attainable base. “ 
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The most spectacular element in the plan is the 
examination of the upper regions of the atmosphere. 
Man reaches farther towards space than he has ever 
done before. It is planned to employ man-made 
satellites, dispatched by means of three-stage rockets, 
to a height of 200 miles, there to girdle the Earth in 
an elliptical path which varies between 200 and 800 
miles, in 90 minutes dead. The satellite is expected to 
stay up days or weeks, before it falls and is consumed, 
as are millions of the meteorites that enter the atmo- 
sphere every day. Large rockets will reach out—their 
tracks like slender fingers—to several hundred miles 
above the Earth, carrying heavy loads of recording 
apparatus. Rockoons, smaller rockets launched 
from balloons twenty-seven miles up, can carry a 
lesser load to a height of more than sixty miles. 
Small rockets may be dispatched from aircraft in 
flight. 

Balloons will be launched trailing a variety of instru- 
ments, tracked throughout their course by observers, 
and eventually parachuting to earth. Automation, 
a cause of anxiety and unrest here at home, can 
be seen with more detachment as an essential element 
of the International Geophysical Year plan. Perhaps 
it is at its most dramatic in the so-called ‘Grass- 
hopper’, a small recording device weighing 200 lb. 
which can be dropped from an aeroplane at. any 
desired spot. As described to me, it automatically 
opens, rights itself on its six legs in true insect fashion 
and goes into action. “It gathers weather information 
at predetermined intervals, transcribes it automati- 
cally into International Morse Code, and transmits it 
by radio at seventeen words a minute.” It works for 
sixty days and records and transmits surface wind 
speed and direction, temperature, barometric pressure 
and humidity. To one who has toiled to and fro 
between hut and screen, this sounds to be a very 
desirable development indeed—a distinct advance 
towards Utopia Antarctica and not a matter for 
grousing at all, even if the substitute job is handy- 
man or cook. 

Already the International Geophysical Year has 
begun to work its transformation of the antarctic 
scene. Direct American flights from New Zealand to 
Antarctica have taken place. The Russians are in 
regular radio touch with Moscow, and plan a supply 
route direct from the U.S.S.R. by air. The continent 
is becoming studded with little towns. Icebreakers 
plough the antarctic seas with internal temperature 
kept at 75° F.: a fact that reminds me vividly of 
what I reckoned to be one of the hardships of Ameri- 
can life. In this great effort Britain plans to play a 
worthy part. One major expedition, sponsored by 
the Royal Society, is already established near 
76° S. in the Weddell Sea. The Falkland Island 
Dependencies Survey bases are being reinforced to 
help. 

Dr. V. Fuchs’s trans-Antarctic expedition is a horse 
of a rather different colour, though it will, as a side- 
issue, contribute to the plan. He intends to cross the 
antarctic continent from west to east. It has been 
said in criticism that the British have been so obsessed 
with the story of Shackleton and Scott that they cling 
unduly to outmoded ways. We have, it is true, suf- 
fered from too strict adherence to tradition in the past. 
There is an element of gambling in the present 
Trans-Antarctic plan. But Fuchs intends to take 
seismic soundings of the ice depth together with a 
continuous gravity traverse as he makes his way 
across. In addition to tractors and aircraft, he will 
have auxiliary dog transport to examine rock ex- 
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posures he may meet along the unknown country he 
has to traverse. Of all the modern equipment, the 
small electronic device weighing less than one pound 
by which he can home on his moving column from 
distances up to twenty-five miles attracts me most. 
If he is fortunate he may come back with results that 
will, of their kind, be as valuable as anything his more 
sedentary competitors can possibly produce. And 
there is an element of adventure that, for any normal 
citizen, will definitely add to the fascination this 
particular venture exerts. Good luck to him. May 
he and his men so conduct themselves that, if they 
do fall short of complete success, they will, like 
Shackleton of Endurance fame, come out of the trial 
with reputation not diminished but enhanced. 


The Future 


When I left England with Shackleton in 1907, 
I travelled to Australia in six weeks by sea at a cost 
of £19 from a London where the four-wheeler horse- 
cab was still commonplace ; where radio was in its 
infancy and a criminal could still hope to outpace 
the law by ocean travel. I lived in a world which was, 
by and large, convinced that mankind was unique and 
life confined to Earth. The expedition left New 
Zealand on New Year’s Day, 1908, and for all its 
countrymen’ knew about what was happening in the 
next twelve months we might have taken off into 
space. The first tentative flights were being made in 
machines heavier than air. 

To-day I return to England for the British Associa- 
tion meeting from Australia in the inside of three days 
at a cost of £300 ; to find Dr. Fuchs in constant touch 
with his colleagues in Antarctica; in a world in 
which a Harvard professor of astronomy has recently 
asserted in a London Sunday newspaper that life 
exists on a million worlds. His country proposes to 
launch an earth satellite as part of its International 
Geophysical Year programme. American airmen are 
flying hundreds of tons of stores from New Zealand 
to Antarctica as an ordinary Service transport 
operation. 

Who can predict what may happen in a similar tale 
of vears in the future ? Antarctica may be colonized : 
man may have landed on the moon. On the other 
hand, it is as likely that, if man’s passions get out of 
hand—and control of emotions is not a notable 
twentieth-century trait—the survivors of mankind 
may be plunged in a Dark Age such as has succeeded 
civilizations of the past at least nine times in the 
chequered history of mankind. Man is indeed at a 
crossroads to-day. We of the British Association may 
well ask ourselves what we can do to help the world 
to make the choice that will ensure the survival and 
further progress of humanity perhaps to the point 
when man is no longer earth-bound. 

So far as the future of Antarctica is concerned, we 
still have too little to go upon for speculation to cut 
much ice. Now that atomic energy is available and 
atomic power is immediately ahead, the mere strategic 
threat of a monopoly of Antarctica by any one Power 
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should by itself suffice to keep the interest of the 
nations alive. Great and valuable mineral d: posits 
there must be in any continent of this size anc kind, 
though nothing of significance has so far been ‘ound, 
Prospecting on the continental scale, let alone 
exploitation, will be so costly that, apart from a 
stroke of luck, it will require finance and organization 
at least on the national scale to ensure success. [py 
1951 the two hundred million pound Kitimat project 
was started in a completely undeveloped arva jp 
British Columbia and is just about to pay off. But 
this is based on cheap local power and will be used 
for processing aluminium ore brought 4,500 niles 
from Jamaica. In Antarctica something on this scale 
would be the least that would be required should 
large and valuable ore bodies be found. Airborne 
magnetometers and stereoscopic-camera mapping 
are already in use in antarctic surveying. Future 
exploitation lies with the co-ordinated use of airborne 
surveyors carrying out wide sweeps and of helicopter. 
borne ground parities equipped for high-speed core 
drilling and rock sampling. In Canada five geolozists 
with two helicopters have prospected in one season 
some 67,000 square miles. Attention must needs be 
concentrated, as at present, on the relatively few 
exposed rock surfaces where mining could be carried 
out without difficulties arising from ice movements. 
Once the ore is located the whole enterprise could 
gradually go underground. Tunnel or adit entry 
might be followed by the construction of underground 
engine-rooms, hoisting gear and mineral dressing 
plants. Floating power-stations that could be with- 
drawn for maintenance during the ‘closed’ season 
might be a useful expedient in the initial stages ; but 
land-based stations would be essential to any perma- 
nent settlement. Once a footing had been obtained, 
anything might happen in these days of technological 
man. 

It has been suggested, for example, that the 
Antarctic might have a future use as a vermin-free 
store for the world’s periodical food surpluses, where 
these might be preserved against the needs of future 
generations, since widespread crop failures might 
otherwise spell disaster to a world whose population 
seems destined to increase. Again, one of the main 
claims for atomic power is that it can be maintained 
for long periods in remote places with a minimum of 
attention and thus might be used for the development 
of the desert areas of the world, uninhabited to-day 
because they are too cold, too hot, or too dry. If 
atomic-powered icebreakers can be built, why not 
atomic-powered settlements on the antarctic main- 
land ? The harnessing of the antarctic gales is another 
possible source of power. But everything will depend 
upon the discovery of a worth-while economic objec- 
tive, and this is not at the moment in sight. The 
chances are that, for the remainder of this century, 
Antarctica will remain the scene of investigations in 
pure rather than applied science. But man may yet 
find a way to overcome the latent heat of ice and add 
a seventh habitable continent to the six he already 
has in thrall. 
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SUMMARIES OF ADDRESSES OF PRESIDENTS OF SECTIONS 


PHYSICS AND TECHNOLOGY 


N his presidential address to Section A (Mathe- 

matics and Physics), Sir George Thomson stresses 
the need for more young people to be trained in 
physics and mathematics, since these branches of 
science are becoming increasingly important in 
technology. Advances are being made within existing 
technologies by using devices based on physics and 
on methods depending on mathematical, especially 
statistical, analysis, and fresh branches of technology 
are arising which depend on new scientific discoveries. 
In industry to-day there are both engineers and 
physicists, and the number of physicists is increasing 
exponentially. The value of the physicist to the 
industrialist lies in the fact that he is prepared to look 
at things from first principles, to try a variety of quite 
different modes of attack and to get the thing to 
work somehow, though the product he makes is 
likely to be scrappy and to go wrong. The engineer 
uses his background of experience of design to tidy 
this product up and to make something which can 
be used by the ordinary person. 

In the early days, technology owed: little to 
science—the smelting of metals, for example, was 
discovered before science existed. Physics, too, arose 
largely from curiosity—the study of odd phenomena 
like the reflexion of one’s face in a pool or the attrac- 
tion of rubbed amber for pieces of chaff. Neverthe- 
there was always some interplay between 
technology and science, as witness the impetus given 
to the study of heat by the invention of the steam 
engine. But the real influence of physics on tech- 
nology started with the advent of electricity. From 
Faraday came the dynamo; from Maxwell and 
Hertz radio ; and from J. J. Thomson the television 
tube ; and in many of our newer industries based on 
physical processes the physicist is still the one in 
charge. Technology thus owes a considerable debt 
to physies; but this debt has largely been repaid, 
for without the many machines and devices, such as 
the mechanical vacuum pump and the innumerable 
electronic components which technology has 
developed, progress in physics would have been 
impossible. 

Four particular applications of physics are singled 
out by Sir George for discussion: the peaceful uses 
of nuclear energy; the electronic computer; the 
transistor ; and the earth-satellite to be launched by 
the United States during 1957. First in importance 
in the peaceful applications of nuclear energy is the 
production of electricity. Nuclear energy, at present, 
can be applied only in the form of heat. The reactor, 
in which the chain reaction takes place by which 
the uranium or plutonium atoms are split with the 
release of enormous amounts of heat, is essentially a 
furnace the heat from which must be transformed 
by some conventional method into electricity. In 
the Calder Hall piles, for example, the heat is removed 
by carbon dioxide gas, transferred through heat 
exchangers to water and steam, and the steam goes 
into turbines which drive the dynamos generating 
the electricity to be fed into the national grid system. 
In accordance with the programme for the develop- 
ment of nuclear energy in Britain, it is expected that, 
by 1975, 40 per cent of the, by then, considerably 
increased generation of electricity in Great Britain 
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will come from nuclear power, thus saving approxi- 
mately 40 million tons of coal per annum. Only a 
small part of the cost of the new power will be 
represented by the uranium fuel, and it is considered 
that there need be no fears about the possible future 
shortage of fissile material, whether this be natural 
uranium or obtained from thorium in a breeder 
reactor. Sir George forecasts that in the not very 
distant future electrical energy will be derived 
directly from the thermonuclear reaction between 
deuterium nuclei (the basis of the hydrogen bomb), 
thus eliminating the inefficient heat engine which 
must occur in the uranium system. 

The chief limitation to the wide application of 
nuclear power is the cumbrous, though essential, 
radiation shield. This may rule out the nuclear- 
powered motor-car and possibly also the nuclear- 
powered aeroplane, since for an Atlantic crossing the 
saving in weight of fuel through using nuclear power 
would be balanced by the added weight of the 
necessary biological shield. 

Turning to the use of radioisotopes, Sir George 
cites two examples, one from medicine of the use of 
sodium-24 to determine the rate of flow of blood, 
and the other from engineering of the measure of 
wear of a bearing. 

The electronic computer, because of its versatility 
and wide range of application in science, medicine 
and commerce, is considered by Sir George to be 
comparable in importance to nuclear energy. Its 
importance arises from, first, its power of discrimina- 
tion, that is, its ability to influence itself by what 
itself has found, and second, its speed and the con- 
sequent large number of operations it can perform 
in a given time. The transistor is a device consisting 
of @ minute slice of germanium or silicon, replacing 
in many cases the thermionic valve, with the added 
advantage of great reduction in size and probably 
cost of electronic equipment. It was the result of 
research in pure physics. 

The proposed earth-satellite is regarded by Sir 
George as an admirable example of the interplay of 
physics and technology. Its immediate purpose is 
to make measurements outside the Earth’s atmo- 
sphere ; but it is hoped that it will lead to the over- 
coming of gravity so that men may travel to other 
planets. The spherical satellite, some 20 Ib. in 
weight, will be launched by a three-stage rocket and 
move at a height of 300 miles around the Earth at a 
speed of nearly 18,000 miles per hour, where it 
should stay for several weeks sending out continuous 
messages of the measurements it is taking. 


STEEL-MAKING SINCE BESSEMER 


IR CHARLES GOODEVE’S presidential address 
to Section B (Chemistry) discusses the chain of 
chemical development which was started by Bessemer, 
namely, the making of steel by pneumatic processes. 
The problem to-day is the same as that faced by 
Bessemer: the preferential deoxidation of the iron 
oxides in ore with the minimum of other elements, 
followed by the preferential oxidation under different 
conditions of the other elements in the impure metal. 
The usual deoxidizing element is carbon in the form 
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of coke which reduces the ore in the blast furnace. 
It is not, however, possible to stop the process at the 
right place, and the pig iron is over-deoxidized and 
contains a large amount of carbon. 

Before Bessemer, the oxidation was done in the 
puddling furnace which produced ‘wrought’ iron. 
Great skill was needed and the process was slow and 
arduous, requiring two or three hours to produce a 
quarter of a ton of metal. The open-hearth furnace, 
invented shortly after Bessemer’s converter, operates 
similarly to the puddling furnace; but the chemical 
reaction is faster because the temperature is higher, 
and the evolution of carbon monoxide stirs the bath. 
A modern open-hearth furnace produces a ton of 
steel every three minutes. 

Bessemer oxidized by blowing air through the 
metal. The speed of this process is limited only by 
the danger of blowing the iron out of the converter. 
A modern converter can make 8 tons of steel in 3 min. 
and is about a thousand times faster than a puddling 
furnace. 

We now know that at steel-making temperatures 
a reasonable proportion of the colliding molecules 
have the required energy of activation to produce 
chemical change, and the rate of reaction is governed 
by the rate at which collisions between the right kind 
of molecules occur. This in turn depends on the rate 
of diffusion and rate of mixing. 

Bessemer realized the importance of mixing; but 
the explanation of his failure to remove phosphorus 
was not known in his time. Sidney Gilchrist Thomas 
found the solution twenty years later: that while 
it is not possible to burn the phosphorus out of the 
iron, it can be drawn out under oxidizing conditions 
by means of a slag formed from strongly basic 
materials such as lime .and magnesia. 

In recent years much research has been done which 
explains quantitatively the complicated selectivity 
rates governing oxidation and deoxidation. Sir 
Charles then describes the theory of chemical poten- 
tial and its application to the removal of phosphorus 
from iron in a basic converter. 

Bessemer steel, however, contains two or three 
times as much nitrogen as open-hearth steel, and 
this spoils it for some purposes. The open-hearth 
also has the advantages that it can use steel scrap 
as well as pig iron, and it can use pig iron with a 
greater variety of composition. Hence it has steadily 
replaced the converter, which now produces less than 
15 per cent of the world’s steel. The decline of the 
converter process is now being arrested mainly 
through the development of large-scale production 
of oxygen, which can be used, diluted with air, steam, 
or carbon dioxide, for blowing converters. Oxygen 
removes most of the disadvantages from the Bessemer 
process. It reduces the nitrogen content of the steel 
and makes it possible to melt scrap. 

Another pneumatic process has been developed in 
Austria for making steel by blowing a jet of oxygen 
down on to the surface of the metal. This impact 
stirs the metal sufficiently to set up vigorous chemical 
reaction. More interesting is the fact that the 
phosphorus comes out before, or along with, the 
carbon, showing departures from equilibrium con- 
ditions by factors of ten to one thousand. This is 
because the kinetics of the phosphorus reaction are 
much more favourable than those of the carbon 
reaction. 

Sir Charles concludes by reviewing the future of 
pneumatic processes. Steel-making still depends on 
the production of the iron—carbon alloy, pig iron, 
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which is not only off the direct route from or: to 
steel, but also is costly to make. Steel-makers for 
many generations have longed to develop a cheap 
process for converting ore directly to low-carjon 


steel. Several exist, but they have severe limitations. 

The speed of Bessemer’s process depends on the 
dispersion of bubbles of air in a liquid metal. Si:ilar 
speed could be obtained by reversing the system and 
dispersing small drops of liquid ore in a hot reducing 
gas. The British Iron and Steel Research Associa: ion 
is now developing such a process under the nome 
‘eyclosteel’. This is still in its very early staves: 
formidable technical obstacles stand in its way ; but 
such a method of making steel from powdered ore 
and coal is extremely attractive. 


THE PRESENTATION OF GEOLOGICAL 
INFORMATION IN MAPS 


GEOLOGICAL map, Dr. T. Robertson points 

out in his presidential address to Section € 
(Geology), is a combined lithological, stratigraphical 
and structural representation of what is known or 
deduced about the rocks in a region or area of the 
Earth’s surface, the terms lithological, stratigraphical 
and structural being used in their very broadest 
sense. Such a map has two functions—one scientific, 
the other economic. In its primary or scientific 
aspect, the map is a record of research into the 
geological history of the region, telling as fully and 
as lucidly as its limitations permit the story of what 
has happened to the region during the continuous 
succession of geographies that it has experienced 
over a period amounting in some cases, where the 
pre-Cambrian rocks. are known, to some thousands 
of millions of years. A land surface is generally, 
however, a destroyer of the Earth’s historical docu- 
ments, not a preserver of them, and few regions 
possess a continuous series of geographical records 
even for one set of rocks. It is nevertheless vital in 
research to bear in mind that, no matter how much 
of the record is now missing, the geological life- 
history of the region is one and indivisible, each 
geographical expression taking from and adding to 
our knowledge of those preceding it. In its economic 
aspect the geological map is a means of providing as 
many geological facts and deductions as can con- 
veniently be given in codified form, with the hope 
that they will be useful to anyone who is in search 
of information for economic purposes. 

The geological map is in essence a record of 
deductions from facts rather than a record of facts 
in themselves. The deductions are partly derived 
directly from the local evidence and partly in- 
directly, as by the application of reasoning or analogy 
based upon what is known, or what is thought, to 
have taken place elsewhere. It is in these processes, 
carried on throughout the progress of the survey, 
that the alternating inductive—deductive flux char- 
acteristic of scientific research is clearly shown, and 
the completed map becomes a record of the results 
of such research. No geological map, however, is 4 
complete scientific study in itself, for it is a repre- 
sentation of a combined lithological and structural 
conception based upon the scientific judgment of the 
surveyor, and this conception cannot be fully ex- 
plained within the limits set by cartographic means 
of expression. Hence arises the need for a written 
explanatory account. The result of the geological 
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survey of an area is a complex of interwoven research 
items leading to theoretical and practical deductions 
which have application not only in that area but 
also throughout the whole range of the science. 

The deductions that give rise to the actual texture 
of the map are affected by two important factors, 
namely, the type and degree of accuracy of the 
geological data used and the extent to which 
deductive processes have been applied to them. 
Consideration of these leads to the conclusion that 
the geologist must be his own cartographer, and a 
plea is entered for greater recognition of carto- 
graphy as being an essential part of geological 
research, not a mere tool in the hand of the geologist. 


SOME IMPLICATIONS OF THE STUDY 
OF ANIMAL BEHAVIOUR 


N his presidential address to Section D (Zoology), 

Dr. W. H. Thorpe remarks that it is instructive 
to consider in what way developments in the study 
of animal behaviour since Lloyd Morgan’s day have 
affected our views of the animal, and what are their 
implications. For Lloyd Morgan achieved a general 
attitude towards animal behaviour and experiment 
thereon which is striking for its sanity and balance. 

Lloyd Morgan assumed three levels of mind (regard- 
ing the instinctive as a level of mind and not only of 
bodily behaviour). He says: “Bottom level minds, 
if such there be, are percipient only, having sense 
awareness and no more. Middle level minds are 
perceptive and percipient, while top level minds are 
reflective, perceptive and percipient’”’. These three 
levels he regarded as associated respectively with the 
sub-conscious, conscious and self-conscious ; although 
we should hesitate now to use these terms. 

The main theoretical innovations since Lloyd 
Morgan’s time are undoubtedly those concerning 
appetitive behaviour, consummatory acts and 
releasers. 

While the idea of a relatively rigid consummatory 
act is sound, and the separation between appetitive 
behaviour and consummatory act probably continues 
to be as useful as it ever was, recent researches have 
made it clear that the distinction is not hard and 
fast, so that the characteristic instances of flexible 
appetitive behaviour and rigid consummatory act 
can now better be regarded as the two ends of a 
series. 

Thus recent experiments on the following-response 
of young birds such as moorhens and coots have 
shown that the active maintenance of a certain spatial 
relation to a chosen object turns out to be its own 
reward. Similarly, with the vocally imitative birds, 
the very act of imitating, the very fact of achieving 
the appetitive behaviour, seems itself to be the 
consummatory act. 

Again, naturalists of fifty years ago were impressed 
by the complexity of the action patterns of instincts. 
But they had scarcely realized that the innate 
perceptual organization must be no less complex, and 
they had no idea of the sensitivity and fineness of 
adjustment characteristic of many organs of special 
sense, as now revealed by sensory physiologists and 
ethologists studying the orientation mechanisms of 
inseets and birds. 

Such discoveries have led to another modification, 
namely, the tendency to modify the concept of con- 
summatory act by the concept of consummatory 
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stimuli or situations. Besides ‘seeking’ to discharge 
its fixed action patterns and so relieve the instinctive 
‘tension’ accumulating around the mechanism of the 
consummatory act, there is now evidence that some 
of the appetitive ‘searching’ is an attempt to find a 
key environmental situation. Perhaps there is also 
some real though very limited purposiveness in the 
search for a satisfying situation. Actions are not 
always brought to cessation by exhaustion of internal 
drives or by cessation of the eliciting stimulus. 
There are external situations which instead of, or in 
addition to, acting as releasers for the next phase of 
behaviour serve to bring the previous phase to a 
close. In this case they must be effective in stopping 
a piece of behaviour even when the original eliciting 
stimulus is still present. They are thus ‘consummatory 
stimuli’ or situations, and thus the ‘goal’ is 
not always the performance of an action: it may 
sometimes be the perception of an environmental 
situation. 

Many such modern developments in ethology 
show a tendency to return to the Lloyd Morgan 
position at a newer level, consonant of course with 
the immense development in our understanding of 
the physiological basis of behaviour. For example, 
it seems inescapable that much modern work on 
animal behaviour implies that the vast majority of 
metazoan animals are perceptive. Moreover, in many 
highly organized perceptions, the perception of 
relations involved implies something more than this, 
which Lloyd Morgan would have taken to be self- 
consciousness ; and @ great deal of modern evidence 
for insight—learning, imitation, play, number sense 
and reminiscence—gives reasons for considering 
animals to be reflective in his sense. Modern develop- 
ments in the study of the higher learning faculties of 
animals have also served to emphasize the necessity 
for getting back to the idea of a carefully thought-out 
combination of objective and subjective approach, 
exemplified by Lloyd Morgan. The best instruments 
can be misused, and it is possible to cut our throats 
with Occam’s Razor and to disintegrate our animals 
with a blast from Lloyd Morgan’s Canon. If we try 
too rigidly to be objective, we may fail to see impor- 
tant features of animal behaviour which become clear 
to us when we attempt to put ourselves in the 
animal’s place ; while to go to the other extreme and 
be too subjective is fatal. We must safeguard our- 
selves always with all the knowledge we have of the 
animal’s nervous, sensory and behavioural capabili- 
ties and its endocrine equipment. A proper balance 
of subjective and objective is thus necessary both 
for a worthy ethology and a worthy psychology. 

The result of this recent work on instinctive 
behaviour and the percipient learning abilities of 
animals is that some apparent lines of demarcation 
between man and animal nature have become blurred. 
Behaviour study seems to be reinforcing physiology 
in stressing the basic unity of the living system in 
more and more of its manifestations. Some of the 
fundamental thought-processes of animals seem far 
less dissimilar from ours than we once thought, and 
we now see that even the bees have a propositional 
‘language’. 

Ethology has as yet little to say on the funda- 
mental issue of the relationship between living and 
non-living states; but it does make an impressive 
contribution to the chorus of voices which are empha- 
sizing the essential unity of living things and the 
similarity, in much that is fundamental, between 
animals and man. But while this is true, it would 
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be a view of the utmost naiveté to assume that 
studies of animal behaviour imply any decrease in 
the stature of man. For it is sound scientific common 
sense to see that, if only because of the existence of 
science itself, man displays emergent qualities far 
transcending those of the organisms most closely 
related to him. 


THE USE AND MISUSE OF CLIMATIC 
RESOURCES 


ROOF. A. AUSTIN MILLER, in his presidential 

address to Section E (Geography), emphasizes 
that the climate of a country is one of its natural 
resources and may be regarded as an annual income 
of rain, warmth, energy, etc., the conservation and 
expenditure of which should be systematically 
planned. The first step in such planning is a full and 
fair assessment of the available resources; but 
although voluminous climatic records are available, 
there are still extensive areas where they are in- 
adequate. Moreover, the data are not always of the 
most useful kind; more information is needed on 
evaporation, river flow, actual insolation, soil tem- 
peratures and micro-climate, not normally included 
in the duties of meteorological observers. This 
emphasizes the need for team-work and co-operation 
between scientists in many fields—climatologists, 
geographers, hydrologists, engineers, agriculturists, 
pestologists, physicists, ete. 

The total available revenue of climatic resources is 
reliable within broad limits over a full year; but the 
incidence varies diurnally, seasonally and, to some 
extent, capriciously with the weather. Studies of 
seasonal distribution and of variability are therefore 
indispensable, especially in regions of subsistence 
agriculture, where the population lives from hand to 
mouth. But the vulnerability of primitive agri- 
cultural systems is being reduced by scientific 
research. Knowledge of the nature and the degree 
of dependence of crops and stock on climate is 
rapidly improving in precision ; with this knowledge 
and a full assessment of climate, it is possible to fit 
the crops to existing conditions and to attain higher 
yields, better quality, more efficient distribution and, 
above all, greater security. This applies throughout 
the world—not just to areas of backward and sub- 
sistence agriculture but even to the most advanced 
and intensive types of commercial horticulture. Much 
more widely than is generally recognized, supple- 
mental irrigation is needed to obtain increased yields, 
especially of grass and vegetables. 

In more advanced societies with industrial and 
urban characteristics, and greater technical resources, 
climatic planning involves: (1) redistribution in 
space, that is, transfer of water, power, etc.; (2) 
regulation of consumption in accordance with expect- 
able climatic conditions, banking the surplus heat or 
rain of one season against the deficiency of the cold 
or dry season to come. Heat, derived initially from 
the Sun, is stored in the ground and in water bodies 
and can be extracted from them as required, 
magnified by the heat pump and used for domestic 
heating, refrigeration or even as a source of power. 
Water is stored in lakes or reservoirs at the 
surface or in water-bearing strata (aquefers) under- 
ground. 

Despite an apparently generous rainfall, Britain 
(and many other industrialized countries) is in 


immediate danger of water shortage, mainly because 
of the rapidly growing demand for industrial pur} ses 
and the extension of piped supplies to an increasingly 
urbanized population. Water, from the mains, jg 
now regarded as universally available ; industry and 
settlement are no longer tied to natural supp ies; 
on the contrary, the new industries and new towns, 
their sites selected for some other reason, demand 
and determine the water supply (piped). lour 
possibilities for remedying the resulting threatened 
shortage are being investigated: (1) extension of 
surface storage, together with means of checking 
evaporation losses, which are considerable in summer 
and enormous in hot climates; (2) transport by 
pipe-line from areas of surplus (the highland zone) to 
areas of deficiency and increasing demand (the low. 
land zone); (3) the re-charge of aquefers, such as 
the chalk under the London Basin, now being 
depleted by over-pumping; and (4) the re-use of 
effluents and other unpurified supplies for industria] 
and irrigation purposes for which potability is 
unnecessary. 

The world map of power resources is undergoing a 
revolutionary change and some of the future supplies 
are climatically determined. Water-power, dependent 
on relief and climate, is already established ; solar 
energy and wind-power are on the verge of entry into 
the list of geographical factors. But advances in the 
technique of transport of fluids (oil and water) by 
pipe-line and of power and heat (as electricity) by 
cable diminish the importance of the actual location 
of supplies and widen the geographical range of 
practicable utilization of climatic resources. Taken 
in conjunction with the new assessment of agri- 
cultural productivity and the discovery of new uses 
for hitherto neglected climatic assets, these develop- 
ments hold out a whole new set of possibilities the 
potential effects of which are worthy of the close 
attention of geographers. 


PRICE—AND COMPETITION—IN 
TRANSPORT AS AN INSTRUMENT OF 
POLICY 


HE price of freight transport forms the subject 

of the presidential address by Prof. Gilbert 
Walker to Section F (Economics). Railway rates have 
so far heen controlled by the close regulation of a 
suppose! monopoly. For the future (as long, at 
least, a::; the Transport Act of 1953, now to be 
amended by the Transport (Disposal of Road 
Haulage Property) Bill, shall be effective) transport 
charges are to be determined by competition between 
carriers. 

Price as an instrument for distributing scarce 
resources has much to recommend it. Its efficiency 
can be (and is in an appendix to the address) illus- 
trated by the example of parking. Competition in 
transport, though active, is certainly not free. There 
is, by law, only the one carrier by rail. 

Road hauliers are limited by law to successful 
applicants for a licence. The cost of transport 
does not necessarily reflect the amount of resources 
consumed by the respective services. The Trans- 
port Tribunal has recently heard the case of the 
British Transport Commission for a schedule of 
maximum charges to be applied subject to Clause 20 
of the Transport Act of 1953. The Herbert Com- 
mittee, reporting on electricity supply, has declared 














use 
08e8 
ngly 
: is 
and 
lies ; 
vns, 
and 
our 
ened 
n of 
king 
imer 
| by 
) to 
low- 
L &s 
eing 
of 
rial 
is 


iga 
lies 
lent 
olar 
nto 
the 
by 
by 
ion 
of 
ken 
ori. 
Iseg 
op- 
the 


ose 


ect 
ert 
ive 
Fa 
at 
be 
ad 
wrt 
en 


20 











No, 4531 


that the managers of nationalized industries should 
not take it upon themselves to furnish some facilities 
at less than cost if this is done at the expense of 
their better-paying customers. The small road 
hauliers cannot serve the public except on terms 
which pay, so what will happen to those traders and 
travellers who demand facilities which do not cover 
the direct costs of operation to the carrier affording 
them ? 

The British Transport Commission is proposing 
to invest £1,200,000,000 in modernizing its plant. 
More is to be spent on the highways of Britain. 
There is no organization the duty of which it is 
to examine and compare the returns to these two 
quantities. No reduction in the price of carriage by 
road need be looked for from a programme of road 
improvement even although costs might be lower, 
unless the supply of vehicles plying for hire and 
reward can be increased. The conditions on which 
the licence to carry by road is being issued by the 
licensing authorities, first established for passengers 
by the Road Traffic Act of 1930 and by the Road 
and Rail Traffic Act 1933 for goods, is recommended 
as a subject requiring the most careful attention 
now that competition is to be relied upon as the 
instrument of policy. 


OIL AND INDUSTRY 


7” presidential address of Mr. A. C. Hartley 
to Section G (Engineering), entitled “Oil and 
Industry”, traces the vital parts which civil, mech- 
anical, electrical and other phases of the engineering 
profession have played in evolution of this industry 
since Drake drilled his first oil well in Pennsylvania 
in 1859 up to the present day. In oil exploration, 
the civil engineer is concerned with surveying, road- 
building, providing means of access, and subsistence, 
all contributory to geological and geophysical pros- 
pecting. In oil-well drilling, the mechanical engineer, 
and in oil production, the chemical engineer, both 
contribute substantially to modern methods of 
winning crude petroleum. Transportation both of 
crude oil and refined products again concerns mech- 
anical (pipe-line) engineers, and Mr. Hartley stresses 
the great opportunities still open to them “to develop 
and improve plant and techniques and so enable the 
rapidly increasing quantities of oil required to be 
transported”. Oil-loading in sea-going tankers is 
another phase of the petroleum engineers’ activities, 
which, with a rise from pre-war 16,000 tons to present - 
day 32,000 tons capacity of tankers, has brought 
about not only re-designing of these oil-ships, but also 
construction of deep-sea jetties for accommodation 
of multiple tankers of heavy tonnage as well as cargo 
vessels; the case of the Kuwait Oil Co., with its 
4,200-ft. jetty out to sea, exemplifies present-day 
trends. Oil distribution concerns pipe-lines, road or 
rail tank cars, barges for coastwise traffic ; many of 
the specialized engineering professions are concerned 
in this, 

Mr. Hartley includes some reasoned comments on 
the growth of the industry during the past sixty 
years ; discussing the present and future position of 
the oil industry, he considers that, while it is likely 
that atomic energy will be developed in Great Britain 
as rapidly as anywhere else in the world, by 1975 
that energy will only be equivalent to about 40 
million tons of coal. From this it is concluded that 
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it is unlikely that atomic energy will contribute as 
high a percentage as hydro-electricity is now doing. 
Thus the petroleum industry has a long way to go to 
meet the steeply rising demands of oil consumers, 
anticipated to be about 70 per cent on last year’s 
(1955) consumption, making 1,200 million gallons in 
ten years time and increasing to at least 1,600 million 
gallons in 1975. World oil reserves are discussed, and 
we may expect “the ultimate recoverable quantities 
of oil in the ground to be sufficient to enable the 
increasing demands of world economy to be met until 
it moves into the age of atomic power’. A section 
on ‘oil in war’ is a brief survey of what petroleum 
engineers and others accomplished during the Second 
World War to enable our Fighting Services to main- 
tain superiority. The oil industry has still a vast 
effort to make and a long future before it, if only “‘to 
take over so much of the percentage now being filled 
by the coal and gas industries until nuclear power 
brings relief’. 

The vital part that oil has played in past years in 
the life of Britain is nothing less than transformation 
of the whole industrial life of the nation. When it is 
considered that 4}$ million vehicles for carriage of 
passengers and goods in Britain alone depend on 
petrol or diesel oil; aeroplanes, naval and most 
merchant ships rely on it as fuel; heavy industries 
require substantial quantities of oil fuel ; lubricating 
oil has to be provided from petroleum for 90 per cent 
of the world’s requirements; and, finally—the latest 
phase of production—hundreds of petroleum deriva- 
tives are now available to be used in manufacture of 
insecticides, detergents, plastics, rubber goods, paint 
and artificial silks, then beyond all question oil and 
industry to-day are inseparable and are likely to 
remain so for many years to come. 


BLOOD GROUPS AND HUMAN 
EVOLUTION 


. A. E. MOURANT, in his presidential address 
to Section H (Anthropology), states that, 
whereas in the past the study of human anatomical 
characters and, more recently, of blood groups, has 
been directed mainly towards the establishment of 
static classifications, we are to-day becoming more 
interested in the processes which have led to the 
development of the existing characters and of their 
distribution. 

The external characters of the body were for a 
long time the only available basis for anthropological 
classification. They are mainly determined by 
heredity, but also in part by the external environment. 
Moreover, their genetics is complex and has been 
little studied. Each character appears to be con- 
trolled by a number of separate genes known as 
polygenes. 

The blood groups are genetically much simpler 
and better understood: they are entirely under 
genetical control and unaffected by the environment 
of the individual. Nine genetically distinct blood- 
group systems are known, each comprising a number 
of genes, the frequencies of which vary from one 
community to another in a manner which permits a 
classification of those communities. Most of the 
existing information, however, refers solely to the 
ABO system. A number of other simple genetical 
systems are of anthropological interest, perhaps the 
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most important being that which controls the varieties 
of adult hemoglobin, including sickle-cell hemoglobin. 

Within any given area of sub-continental size, the 
gene-frequencies in most of the blood-group systems 
show an approach to uniformity, whereas those of 
the ABO system vary considerably between adjacent 
quite small areas, such as the counties of England. 
This suggests that the ABO groups have been subject 
to appreciable natural selection more recently than 
the others. 

It is now known that certain diseases are commoner 
among persons of one blood group than of another, 
the most striking example being the greater tendency 
to duodenal ulcer among persons of group O than 
among those of other groups. Since these diseases 
are in part determined by the environment, we have 
here a possible mechanism of selection. 

A better understood example of natural selection 
is that affecting normal hemoglobin and sickle-cell 
hemoglobin, controlled by a pair of allelomorphic 
genes. Homozygotes for the sickle-cell gene mostly 
die young of anemia; but heterozygotes are less 
likely to die of subtertian malaria than are persons 
homozygous for the normal gene. Hence, under 
malarious conditions, selection gives rise to an 
equilibrium between the two genes. 

By a study of characters subject to rapid selection, 
such as the hemoglobins, of those not quite so rapidly 
selected, like the ABO groups, and of those blood 
groups which are yet more slowly selected, we may 
be able to trace relationships between human popula- 
tions which have existed at varyingly remote times. 

Even when allowance is made for the differing 
extent of our knowledge, there appears to be an 
increase in complexity in the blood groups as we go 
from the lower primates to the anthropoid apes, and 
@ great increase as we go from the latter to man. 
We may perhaps suppose that the critical stage of 
evolution from ape to man took place in a limited 
area, and that the blood groups of the evolving race 
were relatively simple and adapted to the local 
environment. As man with his newly evolved mental 
powers gradually covered the Earth, so the blood 
groups and many other genetical characters have 
evolved along many different lines to meet the 
variety of new environments to which adaptation 
has been necessary. 

We cannot doubt that human evolution is still 
going on, and its study on genetic lines has a great 
contribution to make to anthropology. 


THE MACHINERY OF POSTURE 


N his presidential address to Section I (Physiology), 

Prof. D. Whitteridge remarks that the very great 
developments in the design of servo-mechanisms 
during the Second World War have produced attempts 
to describe the activity of the nervous system in 
similar terms. These attempts have been resisted by 
those who hold that such descriptions are either 
valueless or already well known. One of the most 
attractive analogies is between head and eyes, and 
the gun-control platform on a battleship which may 
carry @ telescope for observing enemy aircraft and 
has to be stabilized against roll and against change 
of course. If the telescope is stabilized against move- 
ment of the ship, the image of enemy aircraft will 
remain in the visual field and the observer can follow 
its comparatively slow movements. 


Supplement to N A TURE of September 1, 1956 


It must be admitted at once that Sherrington |:new 
as compensatory reflexes what we might descrile ag 
stabilizing reflexes or mechanisms with negative feed. 
back. He emphasized the plasticity of the stretch 
reflexes of the muscles of the leg by which the weight 
of the pelvis can be supported in a variety of slivhtly 
different positions of the joints of the hind legs. He 
emphasized the sensitivity of the stretch reflex and 
the shortness of its latency. Nevertheless, the 
essential conditions for stability were not explicitly 
stated. 

In the impressive and detailed work of Magnus on 
righting reflexes, we find much more stress on the 
presence or absence of these reflexes than on their 
exact performance. The persistence of righting 
reflexes after removal of the cerebellum is emphas. 
ized ; but we have to go to the description of Dusser 
de Barenne to see how poorly they are then carried 
out, with tremors and irregular jerks. 

The usual teaching is that, in the monkey and man, 
the labyrinthine mechanisms have become of little 
importance, and it has been suggested that they are 
inhibited by the precentral cortex. On the other 
hand, the reactions of normal human beings to 
sudden passive movement on the tilt table seem to 
be carried out by vestibular mechanisms and may 
have latencies shorter than those of cortical move- 
ments. After double labyrinthectomy, patients have 
‘jumbled vision’ during walking or when they are 
wheeled over rough ground, because voluntary 
movement of the eyes is too slow to compensate for 
the passive movement experienced. During rotation 
of the head about the visual axis in man and the 
pigeon, the counter rotation of the eyes provides 
complete compensation ; but after the movement is 
over, the eyes drift back. Clearly the vestibular 
reactions stabilize the eyes and provide a basis for 
the operation of fixation reflexes. 

Finally, the role of the cerebellum as a stabilizing 
mechanism received new attention. After its removal, 
the latency of spinal reactions is unchanged ; there 
are no data on the latency of rapid righting reactions, 
though they often show serious over-action. There 
is considerable evidence that the latency of cortical 
reactions is greatly increased, and correspondingly 
hopping and placing reactions are slowly and in- 
adequately executed. 

The suggestion of a series of stabilizing systems at 
different levels in the central nervous system cannot 
be extracted from the older literature, and has some 
usefulness in predicting and explaining the behaviour 
of intact organisms. 


PSYCHOLOGY AND THE HUMANISTS 


HE claim that we can have a science of human 

behaviour has aroused misgivings because of the 
supposed implications of such a science for everyday 
life. In discussing these implications, Prof. J. Drever 
points out in his presidential address to Section J 
(Psychology), we must not be sidetracked by applica- 
tions. Some of the latter have obviously questionable 
features. The refinement of technique in propaganda 
and advertising is not without danger, nor perhaps 
should we feel complacent about an educational 
system which sometimes seems to grade children like 
eggs or potatoes; but such developments are in the 
nature of by-products, and it is not with them that 
we are concerned. 
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Miszivings about the implications of psychology 
on the part of humanists and others concerned with 
values seem to depend upon two assumptions: (1) 
that science is an attempt to supersede ordinary 
thinking rather than supplement it; and (2) that in 
setting out to establish a science of human behaviour 
the psychologist is somehow claiming that human 
beings are predictable in the way that atoms or 
pilliard balls are predictable. In point of fact, neither 
of these assumptions seems to be justified. The 
former is @ result of over-simplification, and arises 
from a belief that in any situation there is always 
some one statement or theory which is ‘really true’, 
all others being partial or false. But even within 
science this does not hold. 

The scientist describes as accurately as he can 
certain features of the world around him, and then 
devises systems or models through which the economy 
of inference replaces the laborious cataloguing of 
facts; that is to say, he invents a way of talking or 
thinking which is very useful for certain purposes, 
among them prediction and control. But this is not 
to say that he discovers what things ‘really’ are. 
My neighbour is really my neighbour just as he is 
really Homo sapiens, and really hydrocarbons, water, 
and some trace elements. The emergence of a science 
of behaviour does not seem to alter this situation in 
any important way, and it is @ situation which has 
existed since science began. 

The second assumption arises from the widely held 
view that science is mainly concerned with causes ; 
but this is not the primary concern of science. The 
search for causes is @ diagnostic enterprise carried on 
by the practical man—the medical practitioner, for 
example, or the engineer—rather than the physiologist 
or physicist. When we talk about the cause of any- 
thing we generally mean some particular item in its 
history without which it would have turned out 
differently. More especially it is an item which we 
can control or change, since every event has a multi- 
tude of causal ancestors. The reliable identification 
of this kind of item is clearly necessary for control 
over Our environments, and science by clarifying the 
structure of events makes it much easier ; but science 
itself need not talk about causes at all. All that we 
need assume when we embark upon a science of 
behaviour is that the object of our study makes some 
kind of sense, or in other words, is not merely random. 
This is an assumption which the humanist no doubt 
shares. 

Perhaps the real reason for some of the contem- 
porary uneasiness is that with the abdication of 
philosophy, which has become a specialism among 
specialisms, the ordinary man is tending to turn to 
the scientist, and perhaps particularly to the psycho- 
logist and psychiatrist, for answers to quite general 
questions. It may be that some are too ready to 
give him what he wants ; but the real solution seems 
to lie in a bolder and more positive approach on the 
part of those who at present seem to have nothing 
to offer us between the rigours of logical analysis and 
a sort, of nostalgic antiquarianism. 


QUATERNARY HISTORY AND THE 
BRITISH FLORA 


N his presidential address to Section K (Botany), 
Dr. H. Godwin points out that in so far as time 
is required for the processes by which plants and 
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animals attain their distribution areas, so far the 
problems of biogeography must be historical prob- 
lems. 

Investigation of the Quaternary Period, and 
especially that part of it which includes the latest 
glaciation, tite succeeding ‘Late-glacial’ period, and 
the Post-glacial period, has been applied with great 
effect to the study of plant geography in the British 
Isles. In the first place, it has enabled us to recon- 
struct former climates and geographical conditions 
during those phases of plant migration, expansion 
and reduction which gave rise to present ranges of 
area; and in the second place it has given us a 
chronological scale against which a great number of 
sub-fossil plant remains have been effectively dated, 
sometimes in years, sometimes by reference to a 
defined period of climate, vegetation, archeological 
culture or of geological events. Important techniques 
serving these purposes aré pollen analysis and radio- 
carbon dating, the former serving at once to give a 
chronological scale and to provide direct evidence of 
the former range of certain plants. For the purposes 
of his address Dr. Godwin considers the data thus 
acquired for a few species only. 

It has been strongly urged by many botanists that 
the rich collection of arctic-alpine plants now found 
in such mountain areas as Ben Lawers, Ben Bulben, 
Teesdale and Cwm Idwal are so localized because 
they were nunatak refugia during the glaciations. 
The dated records for such species as Thalictrum 
alpinum, Dryas octopetala, Salix herbacea, Betula nana 
and Polemonium coeruleum dispose effectively of this 
hypothesis, for they prove that these species were 
widely present in the lowlands of Britain in the 
Late-glacial period after the ice had vanished. Their 
restriction of range is a Post-glacial phenomenon 
associated, it may be guessed, with expansion of 
continuous deciduous forest, with increasing tem- 
peratures, with soil deterioration and with blanket- 
bog formation on high mountain areas. The records 
likewise prove the extinction during this period of 
certain plants present in the Late-glacial, so that 
their absence (as of Betula nana from Ireland) is due 
to extinction and not failure of migration to these 
shores. 

Abundant evidence is forthcoming that a large 
part of the population of weeds and ruderal plants 
in Britain was naturally present also in the Late- 
glacial period, and that after suppression in the 
closed forest period they began re-expansion 
when prehistoric agriculture opened the woodland 
cover. 

Likewise the records give evidence for the expan- 
sion of thermophilous plants (such as Najas marina) 
in the middle Post-glacial period, and retraction 
after the climatic optimum. 

The methods of Quaternary research allow us to 
date the formation of the North Sea to a period 
about 8,000 years ago, and to prove that there was 
a long period of temperate climate and open vegeta- 
tion before this, and during which dry-land im- 
migration of plants and animals from the Continent 
of Europe was possible. Not only so, but the records 
strongly indicate that the bulk of the British flora 
was indeed present during this time, and that sub- 
sequent overseas immigration has been relatively 
unimportant until recent historic time. 

Such studies as these give a new and firm 
basis for the study of biogeography’ of all those 
temperate regions affected by the Quaternary 
glaciations. 
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THE IMPACT OF BRITISH EDUCATION 
ON THE INDIGENOUS PEOPLES OF 
OVERSEA TERRITORIES 


N his address to Section L (Education), Sir 

Christopher Cox directs attention to the paradox 
by which, as British Colonial policy achieves its 
purpose and our direct responsibilities for the 
education of other peoples in different parts of the 
globe contract with the growth of self-government, 
the calls made upon Britain’s educational resources 
visibly multiply. The Colonial relationship as it fades 
out may well be replaced by a continuing system of 
special intimacy in which more of us than ever before 
may find ourselves called upon to take some part. A 
wider understanding of our Colonial educational 
relationship therefore has its bearing on the effective- 
ness of the help we can give in this period of transition 
to the post-Colonial epoch. 

Britain’s official concern with ‘Colonial educational 
policy’ is of comparatively recent growth. In early 
days, in contrast with official policy in India, it was 
for the most part left to missionaries to introduce 
Western schooling to the indigenous Colonial peoples, 
unless exceptionally such factors as the predominance 
of a non-Christian world religion brought about early 
planning by a Colonial Government. But after the 
First World War the position was transformed. 
Focused first on Africa, and later on the Colonial 
territories as a whole, the Secretary of State’s 
Advisory Committee on Education came into being, 
representing a wide range of professional experience 
in the United Kingdom, and from the start was 
designed to exercise a powerful influence upon policy. 
The Colonial Educational Service was established, 
and special training devised. Most famous of the 
Committee’s many memoranda was its first—the 
White Paper of 1925 on Educational Policy in 
Tropical Africa. With access to the findings of 
anthropology and to the history of British education 
in India, its authors sought to spare the African 
peoples those deep-seated but wholly unintended 
distortions and injuries to which our lack of experience 
had contributed elsewhere. Keynotes were environ- 
mental adaptation and the grafting of Western 
schooling on to the indigenous stock. 

But intentions and fulfilment are very different 
things. It is suggested that our effort to apply to 
African educational policy lessons learnt from 
experience in India came twenty or thirty years too 
late. Western schooling had already taken root and 
local reactions to it had begun to take shape. Once 
that has happened, the fundamental factor becomes 
less the policy of government than the attitude of 
the governed. “In the long run,” in the words of a 
Round Table contributor, “Africa will take what it 
wants, digest it slowly, and assimilate what it does 
not spit out again.” Selection there might have to 
be: but selection by Africans, in Africa—not for 
Africans, in Britain. The general position all over 
British Africa to-day, despite its many remaining 
backward areas, is increasingly one in which Africans 
have set their hearts upon a complete Western 
education as they believe it to be, while in West 
Africa educational progress has been identified with 
the post-War march towards self-government. It is 
these factors that determine the acceptability of what 
we have to offer to-day. 

Against this background certain features of the 
Colonial educational scene to-day stand out. Demand 
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altogether outstrips the capacity of the territories tp 
meet it. The fact that their resources at present bea; 
no comparison with those of an industrial country 
inexorably limits their educational developmen: to , 
fraction of the comprehensive system reached by 
modern State afvter centuries of growth; yet many 
of them are moving rapidly towards self-govern: ent. 
Sir Christopher refers to the resulting central e:\uca. 
tional dilemma, in which the rival claims of quality 
and quantity contend in a setting of exicuoys 
resources and insatiable demand—a problem which, 
like that of the allocation of priorities between 
educational and economic investment, is being dis. 
cussed in more detail at subsequent symposia. [t js 
urged that, by and large, our duty is to introduce 
the Colonial peoples to the general pattern of the 
system that we know and believe in, and to indicate 
ways in which we ourselves think that system can be 
adapted to local necessities as well as local wishes: 
there are certain fields, most notably universities, 
secondary grammar schools and teacher training, in 
which what we have to offer must be really first -«-lass 
if the health of these young educational systems js 
to be assured. Reference is made to the crucial 
importance of technical education and to the 
special requirements of girls’ education and adult 
education. 

In recent years educational growth and national 
emergence have progressively reduced the need for 
formal advice from the Secretary of State, but have 
multiplied occasions for contact, consultation and 
practical help. Of outstanding importance has been 
the assistance given in the field of university educa. 
tion by the Inter-University Council for Higher 
Education Overseas and by the University of London. 
Exceptional in their scale and complexity were the 
contacts culminating in the Cambridge Conference 
on African Education of 1952. But in general the 
demands upon Britain for help are probably now 
more numerous, varied and exacting than ever 
before—in the increased call for educational staff, in 
the flow of oversea students, in the two-way move- 
ment of mature professional visitors coming to 
Britain and of ad hoc missions or experts going out 
from it. Our contribution, whether here or overseas, 
will be the more effective if we are aware of the way 
in which we have been mixed up together and under- 
stand some of the factors involved in the working 
out of the Colonial educational relationship. The 
verdict of history on the Colonial educational work 
of Britain cannot yet be given; but the way in 
which we go about this in its closing stages will 
determine whether the educational links between 
many young countries and our own will be only 
those of history, or whether a new and active rela‘ion- 
ship of mutual benefit among partners will have 
emerged. 


toa 


THE INFLUENCE OF MAN ON SOIL 
FERTILITY 


R. G. V. JACKS, in his presidential address to 

Section M (Agriculture), directs attention to 

the dominant influence of towns on the evolution 
of the soil under human occupation. 

Man’s first action on the soil is usually that of a 

shifting cultivator or nomad, at which stage he 

scarcely affects the existing balance of Nature. As 
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population increases and the land fills up, he adopts 
settled agriculture, which upsets the biotic balance. 
The first stages of settled agriculture are inevitably 
soil-exhausting, and human societies tend to develop 
social systems which keep soil exhaustion under 
control. This was the reason for the rigid medieval 
three-field system of agriculture, and is also the 
yeason for the present-day appearance of soil- 
conservation districts, with their communal rules for 
checking soil exhaustion, in many countries that 
have not yet reached the stage at which the positive 
influence of towns in creating soil fertility makes 
itself felt. 

The growth of towns has a powerful influence on 
the evolution of the soil. Towns create far more 
wealth than agriculture can create, a rising standard 
of living and a greater demand for the produce of 
the soil. To begin with, this results in an accelerated 
exhaustion of the soil; but if the wealth of the 
towns increases, a stage is reached at which it pays 
farmers to increase output per acre and, therefore, 
to raise soil fertility. Every successful, mature 
civilization has enormously increased the fertility of 
the soil. 

In Britain a gradual change-over from soil- 
exhausting to soil-conserving agriculture began with 
the enclosure of the ‘common fields’ and the rise of 
the wool trade. Subsequent improvements in agri- 
culture and soil fertility were brought about because 
the growing urban population was able and willing 
to pay for the food and clothing it needed. In North 
America the earlier rapid exhaustion of the soil has 
recently been succeeded by a substantial increase in 
soil fertility (measured by crop yields) as the wealth 
of American industry begins to flow back into the 
soil. In the U.S.S.R. the rapid expansion of industry is 
still starving the land, and no increase in yields is 
yet apparent. South Africa and Australia, with 
increasing industrialization, seem to have reached 
the turning point between soil exhaustion and soil 
conservation. Future development of industry in 
India might have a favourable influence on soil 
productivity, which is at a low level. Much of the 
rest of the tropics is still at the stage of shifting 
cultivation, though many Colonial countries have 
begun to practise settled agriculture and are suffering 
severe soil exhaustion as @ consequence. Social 
systems are being evolved to check this exhaustion. 
It seems improbable, however, that the general 
level of tropical soil fertility can be raised 
without the backing of large, well-to-do urban 
populations. 

Mr. Jacks ends by asking whether the world, a 
hundred years hence, will be able to feed the 6,000 
million people who may then be living in it, and 
answers yes, provided most of them live in towns 
and produce enough wealth to pay for the food they 
require. 
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LOCAL SOCIETIES IN THE 
COMMUNITY OF TO-DAY 


N his presidential address to Section X (Assembly 

of Corresponding Societies), Dr. F. J. North sug- 
gests that a meeting of delegates from corresponding 
societies is an appropriate occasion for considering 
the decline in membership to which the reports of 
local societies refer with increasing concern, and for 
asking whether the decline is temporary or indicative 
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of @ permanent trend, and what can be done to 
arrest it. 

The history of local societies shows that they were 
@ product of an age when conditions were very 
different from those which obtain to-day. It was an 
age of leisured amateurs with both time and means 
to follow cultural pursuits; an age when the ‘frag- 
mentation’ of science had scarcely. begun, so that an 
educated person could not only take an intelligent 
interest in almost any topic that might be con- 
sidered at the meetings of a local society, but also 
play a useful part in contributing to discussions or 
engaging in original work. 

The spread of education has provided a greater 
potential membership for local societies ; but recruit- 
ment has been hindered for a variety of reasons. 
There has been a great increase in the number of 
cultural and professional organizations, and there are 
new claimants upon leisure time and _ increased 
facilities for enjoying it. All these were making 
themselves felt long before the cinema, sound broad- 
casting and television entered the field as formidable 
competitors. 

With the view of assessing the relative importance 
of the circumstances affecting local societies, Dr. 
North reviews changes in the membership of the 
Cardiff Naturalists’ Society (chosen because it is the 
one he knows best), indicating the causes to which 
the fluctuations are due and the effect of the founda- 
tion of a rival scientific society in the city. This 
survey leads to the conclusion that, while the com- 
munity of to-day would be vastly poorer if local 
societies were crowded out of existence, the 
decline in their present strength and popularity is 
in large measure due to failure to move with the 
times. 

Suggestions are offered concerning the ways in 
which adaptation to the new conditions will affect 
lecture programmes, the publication of transactions 
or proceedings, the co-ordination of the activities of 
societies by unions and federations, and will involve 
meeting counter-attractions like broadcasting and 
television by action designed to profit from the 
curiosity and interest their programmes create. 

Whatever may be done to retain present interest, 
the future of local societies will depend upon the 
recruitment of members from among those who, 
now of school age, will be the adults of another 
decade. It is not only necessary to stop leakage, but 
even more necessary to take steps to ensure an 
adequate intake. With this object in view, advantage 
should be taken of the interest aroused among senior 
pupils by the service rendered to schools by museums ; 
this is greater than many people suppose. In the 
National Museum of Wales, for example, a staff of 
fifteen, with the active support and guidance of the 
Director and the departmental staff, is solely con- 
cerned with school activities. Being organized by a 
museum, the service is able to emphasize the inspira- 
tional interest of the subjects dealt with, as well as 
provide assistance to those who are preparing for 
examinations. It is hoped in this way to create, 
during school-days, interests that will remain in 
after-life, and there is ample evidence that this hope 
is being fulfilled. 

Many other museums engage in school services on 
varying scales but with similar objects in view, and 
local societies have much to gain by cultivating 
closer relations than may now exist with museums 
on one hand and schools on the other, with the view 
of tapping this reservoir of potential members. 
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MICRO-ORGANISMS FROM DECAYING SEAWEED 
By Pror. E. G. PRINGSHEIM 


Pflanzenphysiologisches Institut, Gottingen 


HERE are certain places where a peculiar 

assemblage of micro-organisms can regularly be 
found. Such are cow-droppings, which harbour the 
large bacteria Caryophanon and Lineola' and species 
of Vitreoscilla*.. More varied are the contents of the 
rumen of ruminants and the cecum of rodents*® with 
their specialized populations of flagellates, yeast-like 
organisms, the giant bacterium Oscillospira caviae, 
and others. There are the slimy exudations of 
wounded tree-trunks, the habitats of the colourless 
chlorella-like Prototheca and other specially adapted 
small algae. 

An interesting community of colourless organisms, 
apart from bacteria, can also generally be found on 
seaweed, particularly Fucus, when these are uprooted 
and partly exposed to the air. The thalli die, and 
the sea water covering the lower portions soon teems 
with bacteria, among which the following organisms 
are nearly always present. 

Nitzschia putrida (Cohn) Benecke‘, perhaps the 
only colourless diatom, swarms gliding out of drops 
of the putrid fluid or bits of thallus, when these are 
put on the surface of sea-water-—agar. By moving 
away from the centre of inoculation on to the sterile 
agar, the cells purify themselves and can easily be 
picked up and grown in bacteria-free culture on sea- 
water—agar enriched with peptone, yeast extract or 
the like. 

At the same time, various amcebe creep away from 
the inoculum, especially when the Fucus material has 
been kept in the laboratory for some time. They too 
purify themselves when gaining the sterile parts of 
the agar surface ; but when thus freed from bacteria, 
they no longer multiply but encyst. As with fresh- 
water amcebe, there is something as yet unknown 
lacking in their diet when bacteria are absent, and 
so far it cannot be provided in any other way. 

An interesting organism, known for a long time 
from water in contact with decaying Fucus, is 
Gyrodinium cohnii (Seligo) Schiller. Kiister®, in an 
article entitled ‘‘Eine kultivierbare Peridinee’’, 
described how its cells, transferred to a Fucus 
decoction — agar plate, divided once or twice. This 
was, at that time, considered an appreciable per- 
formance, although Kiister could not make the cells 
excyst and did not, therefore, obtain any further 
development. Purified with the help of the washing 
technique*, Gyrodinium cohnii can be induced to 
multiply in a medium containing yeast digest 
(Pringsheim, 1955), sodium acetate and peptone in 
sea water and encysts only after heavy multiplica- 
tion, the cysts germinating in fresh medium.’ This 
peridinian is devoid of photosynthetic pigments but, 
as @ reserve, stores plenty of starch. Its nutrition is 
therefore comparable to that of Polytoma and Poly- 
tomella, colourless members of the Volvocales, and of 
Chilomonas, a colourless cryptomonad. The sub- 
stances used by Gyrodinium cohnii to form starch 
will, I hope, be established by further investigations. 

While the organisms so far mentioned live in very 
polluted water, Ozxyrrhis marina Duj., a doubtful 
peridinian which lives on particulate food and is 


more animal- than plant-like, occurs only when + here 
is not too much putrefiable material. It can be grown 
with small marine flagellates as its food. Rep!ace. 
ment of zootrophy by osmotrophy has not yet heen 
achieved. 

There are in this community also some organisms 
which have been discovered only recently. A member 
of the Vitreoscillaceas‘, only one species of which 
had previously been extracted from a marine habitat, 
was observed several times in the putrid fluid between 
Fucus vesiculosus from Kiel Bay (Kieler Férde) on 
the Baltic, when these had been kept in a large dish 
half covered with sea water. It could be grown from 
filaments isolated with the capillary pipette and 
transferred to peptone — yeast extract — sea water - 
agar. 

In some of the crude cultures of seaweeds in sea 
water, colourless, non-motile filaments of great 
length were detected. Colonies on agar were obtained 
by repeatedly washing relatively short lengths of 
trichomes and transferring them to the surface of 
peptone — sea water — plates, then streaking with a 
loop. The colonies were dense, brain-like, non- 
translucent and composed of one very long filament. 
This can be demonstrated by touching a colony with 
a wire-needle or capillary pipette, when a continuous 
thread of great length can be pulled off the agar. 

This organism was Leucothrix mucor Oersted, 
described as early as 1844 under this name and 
recently grown in pure culture by Harold and 
Stanier’, who clarified its history, relationship and 
biology. Its freeing of bacteria is greatly facilitated 
by the washing procedure before plating. The 
organism produces short lengths of cell-chains which 
glide along solid surfaces and serve as an efficient 
means of propagation. In this respect it resembles 
Thiothrix, to which it is apparently related, as Harold 
and Stanier have demonstrated. Leucothrix is very 
variable according to conditions. In rich nutrient 
solutions, the filaments become very long; in poor 
media they soon cease to grow, and their terminal 
portions are then transformed to beaded chains which 
break up into short lengths or hormogonia. The 
formation of a rosette by the propagative organs 
specially investigated by Harold and Stanier is 
characteristic. 

Much more difficult to cultivate is Ciliophrys, a 
heliozoon-like creature with spherical cells beset with 
great numbers of extremely delicate radiating plas- 
matic strands. The species found between decaying 
Fucus material seems to be Ciliophrys marina 
Caullery 1909. It can produce a flagellum, with the 
help of which it swims rapidly through the water, 
changing to a spindly shape, generally with a roundish 
front and a conical posterior end which may be 
divided into several irregular, pointed cones. The 
conditions in which it ceases motility and resumes 
swimming are not yet clear. Cultivation was possible 
with the help of soil-water putrefaction cultures, but 
subculturing was not always successful. 

There are also in this community a number of 
ciliates and flagellates, and some bacteria, which 
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seem to be worth studying, so that biologists inter- 

ested in this kind of work may find it worth while to 

watch the biotype in its various stages of develop- 

ment. 

' Pringsheim, E. G., and Robinow, C. F., J. Gen. Microbiol., 1, 267 
(1947). 
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5 Kister, E., Arch. Protistenk., 2, 351 (1908). 
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THE QUESTION OF CORRELATION BETWEEN PHOTONS 
IN COHERENT LIGHT RAYS 


By Fror. ERIC BRANNEN and H. |. S. FERGUSON 


Department of Physics, University of Western Ontario, London, Canada 


ONSIDERABLE interest has been aroused in 

z this question, especially since the experiments 
of R. Hanbury Brown and R. Q. Twiss' showed a 
correlation, unexpected by many, between the 
current outputs from two photoe'ectric detectors 
viewing coherent light rays. On the other hand, A. 
Adam, L. Jdnossy and P. Varga* performed a similar 
experiment using “‘an amplifier with a resolving time 
of 2 usec.”” and observed no such corvelation. 

In this laboratory we have been performing 
coincidence experiments* on photons emitted in 
cascade transitions from optical sources using 
apparatus of resolving time 2+ = 10-* sec. With 
this apparatus*, which is now standard in nuclear 
physics, time delays can be inserted in either photo- 
multiplier channel, and so a distinct answer to the 
question of time correlation can be obtained. Our 
apparatus has observed true coincidences in the 
above case of optical transitions in cascade. This is 
of prime importance, since our negative results with 
coherent light rays can have meaning only if the 
apparatus has been shown to be capable of, and 
efficient in, observing ‘true’ coincidences. 

The experiment reported here was designed to 
duplicate so far as possible the optical arrangement 
of Brown and Twiss, up to and including the photo- 
multipliers. It is in the electronic detection of 
coincidences between the outputs of the photo- 
multipliers in which we differ from them. Further- 
more, our apparatus compares pulses due to the 
detection of individual photons by the photomulti- 
pliers, rather than an integrated output due to large 
numbers of photons. We also feel that the Brown 
and T'wiss experiment does not sufficiently reject the 
possibility that the correlation they observed in the 
‘photocathodes superimposed’ position was due to 
rapid intensity fluctuations in the source. It seems 
probable that classical wave theory would predict 
correctly this case, since both photomultipliers would 
be observing the same part of the source, and since 
the fluctuating part of the photocurrent was observed. 
Furthermore, no correlation would be observed in 
the ‘photocathodes not superimposed’ position if 
their movable photomultiplier then viewed another 
region of the source, which was comparatively 
steady, or the intensity fluctuations of which were 
not correlated with the previous region. Although 
we do not feel competent to answer the question, it 
occurs to us that the radio telescope of Brown and 
Twiss could be working in a similar manner if the 
galactic source of radio noise was fluctuating in 
intensity with different regions fluctuating, for 
example, independently. It should here be emphas- 
ized that random coincidences are evaluated in our 


experiment by insertion of a time delay in one 
channel much greater than the resolving time of the 
apparatus. This means that such macroscopic 
intensity fluctuations in the source would not affect 
the results of our experiment. 

The experimental arrangement is shown in Fig. 1. 
S is a high-pressure Hilger mercury arc. The image 
of the arc is focused by means of an F2 Zeiss Biotar 
lens J on to a small pinhole H of diameter 0-25 mm. 
The light is filtered by a Baird interference filter 
(14358 A.) and the appropriate Wratten filter, at F, 
so that essentially monochromatic light falls on the 
pinhole. It was found that a good lens free of aber- 
rations is essential in order to get a uniform beam 
free of striations falling on the half-silvered mirror 
M. The light transmitted by the mirror is detected 
by a 1P21 photomultiplier P,, and that reflected is 
detected by a similar photomultiplier P,. The areas 
of the two photocathodes are limited by identical 
rectangular apertures A, and A,, 4 mm. by 8 mm. 
Single photons detected by the photomultipliers give 
rise to voltage pulses which are shaped (5 x 10-* sec. 
duration), and delayed by coaxial cables L, and Ly. 
They are mixed in the coincidence stage and an out- 
put pulse obtained if they are in time coincidence at 
the coincidence stage. In the diagrams, positive delay 
refers to P, pulses delayed with respect to P, pulses, 
and negative delay vice versa. The total coincidence 
rate C as a function of delay, and the counting rates 
C, and C, in each channel, were recorded. Through- 
out the experiments C, and C, remained sensibly 
constant. 

The following set of experiments was carried out 
in order to test the equipment and to test for cor- 
relation between photons: (a) cable attenuation 
corrections ; (b) coincidence rate as a function of 














Fig. 1. Simplified diagram of apparatus 
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delay, ‘photocathodes superimposed’ ; (c) coincidence 
rate as a function of delay, ‘photocathodes not super- 
imposed’ ; (d) coincidence rate as one of the photo- 
multipliers scans the beam; (e) coincidence rate as 
intensity of the source varied ; (f/f) prompt resolution 
curve for the coincidence apparatus. In all the 
experiments the apparatus was functioning stably 
and consistently. 

The cable attenuation corrections were obtained 
with the photomultipliers observing independent 
sources, and in no case are they greater than several 
per cent. These have been applied to all the following 
results. : 

With P, and P, in the ‘photocathodes super- 
imposed’ position, the total coincidence rate as a 
function of delay was recorded and the results of 
Fig. 2 obtained. It is noted that within the statistical 
error of a probable error of 1 per cent, there was no 
increase in coincidence counting rate at zero delay 
relative to long delays. 

The ‘photocathodes not superimposed’ position 
was obtained by moving P, laterally a distance of 
12 mm., which is equivalent to three times the slit 
width. The total coincidence rate as a function of 
delay was again recorded, and the results plotted in 
Fig. 3. Again there was no increase in coincidence 
counting rate at zero delay relative to long delays. 
It is readily apparent that the two sets of results 
presented in Figs. 2 and 3 are indistinguishable. 

In order to ensure that the image position had not 
been missed, P, was moved in steps small compared 
to the slit width and the total coincidence rate 
recorded for zero delay. The flat curve of Fig. 4 was 
obtained. The beam was quite uniform as shown by 
the total side-channel count from P,, which remained 
constant (variation less than 1 per cent) over the 
whole width of the beam. There is no increase in 
coincidence counting rate at the ‘photocathodes 
superimposed’ position. 

A further check was carried out—the intensity of 
the light source was varied, and the coincidence rate 
at zero delay, and the side-channel rates, recorded. 
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The coincidence rate C was proportional : the 
product C,C, consistent with the coincidencs rat, 
being pure random® (random rate C; = 2rC,(.,). 

Finally, to ensure that the apparatus was func. 
tioning properly, resolution curves (Fig. 5) were 
obtained before and after the previous experi!ents, 
Stilbene crystals were placed in front of the photo. 
multipliers and a cobalt-60 source (1°17 ani 1-33 
MeV. gamma rays in cascade) used as a sow'ce of 
prompt radiation. 








2} 


a 6+ 6 -8 ° 
Delay (mysec.) 
Fig. 5. Prompt resolution curve 

From these experiments one can place an upper 
limit on the fraction of photons acting in an anomalous 
manner. The side-channel rates C, and C, were each 
(5-00 + 0-05) x 10‘ counts per second. The co- 
incidence rate was 24-0 + 0-4 counts per second. 
Even if one goes to eight times the probable error 
there can be no more than three true coincidences 
per second. Since the 1P21 photomultipliers have a 
photoelectric efficiency of about 10-per cent at a 
wave-length of 4358 A., this means that the prob- 
ability is less than 1 in 10? that more than 0-03 per 
cent of the photons detected are in true coincidence. 
(Adam et al.* estimated that less than 0-6 per cent of 
the photons are in time coincidence allowing a 
deviation of three times the probable error. In our 
case, using three times the probable error, less than 
0-01 per cent are in time coincidence.) 

In conclusion, our experiments indicate that there 
is no correlation (less than 0-01 per cent) between 
photons in coherent light rays. 

We are indebted to Dr. W. Wehlau, in the Astro- 
nomy Department at this University, who brought 
this controversial matter to our attention. Discus- 
sion with him on this and allied subjects has proved 
most valuable. 

Note added in proof. It would appear to the 
authors, and also to Prof. Jaénossy (private com- 
munication), that if such a correlation did exist, it 
would call for a major revision of some fundamental 
concepts in quantum mechanics.. This was, of course, 
the reason why these experiments were performed. 


1 Hanbury Brown, R., and Twiss, R. Q., Nature, 177, 27 (1956). 

. Asim, Aa on L., and Varga, P., Acta Phys. Hungary, 4, No. 4, 

* Brannen, E., , Adlington, R. H., and Nicholls, R. W., 
Nature, is. ty (1368). 

* Bell, R. E., Graham, R. L., and Petch, R. E., Canad. J. Phys., 30, 
35 (1952). 

* Dunworth, J. V., Rev. Sei. Instrum., 11, 167 (1940). 
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Density and Expansivity of 
Solid Argon 


A FULL knowledge of the thermodynamic properties 
of some simple solid, such as a solidified inert gas, is 
necessary for the satisfactory development of a 
rigorous lattice dynamics. When a simple inter- 
atomic potential containing two constants is applied 
to a given substance (see, for example, Barron and 
Domb’, Henkel’), it is necessary to know at least 
the density and energy of sublimation at absolute 
zero sO as to determine the constants. In order to 
verify the theory in detail, it is then necessary to 
measure three independent quantities such as Cp, « 
and xs, Where « is the volume expansivity and x, is 
the adiabatic compressibility. 

For various reasons, argon is the most suitable 
substance for such a study; but until recently only 
one of the three coefficients, Cp, has been known 
accurately for the solid*. Last year, Stewart‘ de- 
termined the isothermal compressibility (x7) at 65° 
and 77° K. and Barker and Dobbs’, in this laboratory, 
determined x, over the same temperature-range by an 
ultrasonic method. We have now measured the 
density between 20° and 80°K., and have thus 
obtained values of a. 

Up to 60° K. we have used the X-ray method of 
measuring the lattice parameter by taking Debye- 
Scherrer ‘powder’ photographs. Details of the experi- 
mental arrangement as applied to metallic specimens 
at low temperatures are given elsewhere*®; in the 
present work, a polycrystalline specimen of argon 
was deposited from the vapour on an aluminium 
wire subjected to precise temperature control. 
Recrystallization became evident at about 60° K., 
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Fig. 1. Density of solid argon. Present results: O, X-ray method. 
B, bulk density method. Earlierresults: A, Clusiusand Weigand; 
x, de Smedt and Keesom ; +, Simonand von Simson 
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so that the method became increasingly inaccurate ; 
and above this temperature we have determined the 
bulk density of polycrystalline specimens by finding 
the volume of gas at N.T.P. required to fill with 
solid argon a glass bulb of about 3 c.c. maintained 
at @ given temperature. All the solid specimens used 
were transparent and free from visible flaws. The 
argon was stated by the British Oxygen Co., Ltd., 
to be of at least 99-999 per cent purity. 

The results are shown in Fig. 1; it will be seen 
that the two methods give good agreement where 
they overlap, within our estimated accuracy of about 
0-001 gm. cm.-*. Our results differ appreciably from 
those of the X-ray measurements at single tempera- 
tures of de Smedt and Keesom’ and Simon and von 
Simson®, but agree with the value of the density at 
the melting point deduced by Clusius and Weigand® 
from observations of the melting curve and of the 
density of the liquid. 

In the following table we summarize our results 
for the density (p), and give estimates at four tem- 
peratures of the expansivity and of the Griineisen 
parameter y = aV/xsCp. 


CXS 20 40 60 80 
p (gm. cm.~*) 1-764 1-737 1-691 1-636 
a X 10* (deg.-? C.) 4 12 15 1 
Y 2-0 2-7 2-8 2-4 


The values of a, much larger than suggested by 
the previous independent measurements at three 
temperatures, account for the large difference be- 
tween the results of Stewart for x7 and those of 
Barker and Dobbs for xs, since the ratio xz/xs = 
1 + a*Z'V/xsCp rises to a maximum of 1-45 at the 
melting point. The large ratio (equal to Cy/Cy) also 
accounts for the unusually high value of Cp (8-5 cal. 
mole-} deg. C.) found by Clusius* at the melting 
point, since Cy is now reduced to 5-9 cal.mole-! deg.-? 
C., the classical value. The value of the Griineisen 
parameter appears to go through a maximum, with 
an average value of about 2-5. More accurate 
experiments at the lower temperatures are required 
before the detailed form of this variation can be 
known. 

It is important to note that our results lead to 
an estimate of the density at absolute zero of 1-77 
gm. cm.-*, corresponding to a lattice parameter of 
5-31 A., as compared with the previously accepted 
value of 5-40 A. 
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Theoretical Calculations on Solid Argon 


Ir is well known that a knowledge of the second 
virial coefficient of a gas does not suffice to specify 
the intermolecular potential of the constituent mole- 
cules. In fact, even if a simple formula of Mie— 
Lennard-Jones type is used as an approximation 
to the potential, the parameters are not uniquely 
determined by the second virial coefficient. On the 
other hand (as mentioned in the preceding communica- 
tion) certain elementary properties of the solid state 
are sufficient to determine these parameters uniquely, 
and further observations on the solid and gaseous 
states can then be used as a test of the region of 
validity of this type of approximation to the potential. 
The recent development of experimental technique 
enabling data on the solid state to be determined with 
accuracy Over @ wide range of pressures and tem- 
peratures has provided valuable material for theoret- 
ical analysis. 

When the isotherms for solid argon at high pressures 
determined by Stewart! at the Massachusetts In- 
stitute of Technology became available, one of us 
(I. J. Z.*) undertook detailed calculations to de- 
termine how the results compared with the theoretical 
predictions, and, if necessary, to modify the estimates 
of intermolecular potentials for the inert gases con- 
cerned. Although quite good agreement was obtained, 
the form of potential used was not completely satis- 
factory because of the uncertainty in the value of 
the density at absolute zero. The present accurate 
experimental results obtained at Queen Mary College 
for argon enable this uncertainty to be removed, and 
further detailed comparisons to be made between 
theory and experiment for this substance. 

We have used the following approximation to the 
intermolecular potential energy : 

e(r) = A/ri? — yu/r® 
A = 1-63 x 10-7 A."* erg. (1) 
uw = 1-05 x 10-°° A.* erg. 


To calculate the thermal expansion and Gruneisen’s 
y (= «V /xrC, or «V/xsCyp), we have used the approx- 
imation of Henkel*. This approximation is of Einstein 
type but takes account also of anharmonic effects ; it 
should be reliable at temperatures not too low com- 
pared with the Debye 6 value. The results are as 
follows : 

> (gm. em." 

§ x 10* (deg.-* C.) 

Y 
These are to be compared with the experimental 
values of the preceding communication. 

It will be seen that the theoretical calculations are 
in good agreement with the experimental results. 
Calculations at higher pressures based on the above 
estimate of the intermolecular potential are also in 
good agreement with experi- 
mental isotherms given by 
Stewart!. A further check on 
the estimate of the potential is 
provided by the Debye 6 value 
for solid argon at low tempera- 
tures. This can be calculated 
approximately and simply‘ for 
a potential of the form (1) and 
yields the value of 80° K., in 
good agreement with the ex- 
perimental value derived by 
R. W. Hill’ from measurements 
of the specific heat of solid 
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argon at low temperatures. The values of A and mM 
given in (1) are very close to those determined 
recently by Whalley and Schneider* from dat: for 
gaseous aryon. 

We may thus conclude that theoretical calcula: ions 
of solid-state data based on the intermolecular }. ‘en. 
tial (1) give results in reasonable agreement with 
experiment, Further experimental data, particu arly 
at high pressures, would be desirable to provi ‘ce 
more searching test of the theory. 

C. Doms 
I. J. Zucker 
Wheatstone Laboratory, 
King’s College, 
London, W.C.2. July 30. 


1 Stewart, J. W., Phys. Rev., 97, 578 (1955). 

* Zucker, I. J., J. Chem. Phys. (in the press). 

* Henkel, J. H., J. Chem. Phys., 23, 681 (1955). 

* Domb, C., and Salter, L. 8., Phil. Mag., 4%, 1083 (1952). 

* Hill, R. W., thesis, Oxford (1952). 

* Walley, E., anil Schasider, W. G., J. Chem. Pays., 23, 1644 (1955), 


Nuclear Spin of Americium-241 


Durine the recording of the spark spectrum of 
americium! in the third order of the Baird three-motre 
grating spectrograph, a number of spectral lines 
appeared as four resolved components of a probable 
six-member flag pattern. While describing the per- 
formance of a 30-ft. Paschen—Runge spectrograph, 
Tomkins and Tomkins* have published a photograph 
of the Am I line a+ 6405 A. showing it resolved into 
six components. The six component flag patterns, 
which lead to a nuclear spin of 5/2 for ,,Am™", have 
been confirmed by interferometric studies. 

In the present investigation americium was excited 
in a hollow cathode cooled with liquid nitrogen. High 
dispersion was achieved by crossing a Hilger Universal 
Prism spectrograph with Fabry-Perot étalon plates 
coated with 2/4 layers of cryolite and zinc sulphide. 
A series of different spacers were used for eliminating 
errors due to overlapping orders. Fig. 1 shows the 
six components of the Am I lines at 4662-80 and 
4681-67, the separations between the components 
being 0-230 + 0-0015 cm.-, 0-212 + 0-001 cm.', 
0-184 + 0-0015 cm.-!, 0-147 + 0-002 cm.-', 0-104 + 
0-003 cm.-!, and 0-274 + 0-001 cm.-!, 0-226 + 
0-002 cm.-, 0-180 +- 0-001 cm.-', 0-138 + 0-002 
cm.-, 0-101 + 0-002 cm.-', respectively. 

Since these and other hyperfine separations show a 
marked divergence from the interval rule, a relatively 
large quadrupole-moment is expected for americium. 

On the assumption that the 5f,;, shell is filled 
preferentially to the 5f,,2, the value of a nticlear spin 
of 5/2 for ,,Am**" is in accordance with Klinkenberg’s' 
nuclear shell structure tables which are based on 
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Fig. 1. Hyperfine structure of Am I lines at 4662-30 and 4681-67 A. 
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the single-particle nuclear shell model of Mayer‘. This 
assumption is supported by the reported spin of 5/2 ° 
for the odd proton nucleus of 4;Np**’. Hence it 
would appear that the nuclei of ,,Am**! and »,Np**? 
have a ground-state of /,,2. 

I am indebted to Mr. J. Ring of the Physical 
Laboratories, University of Manchester, for coating 
the Fabry—Perot plates and to Mr. N. Jackson of 
the Chemistry Division of this Establishment, for the 
preparation and purification of the americium. 

R. P. THorne* 
Atomic Energy Research Establishment, 
Harwell, Nr. Didcot, Berks. 


* Present address: U.K.A.E.A. Industrial Group, Capenhurst. 
‘Thorne, R. P., Spectrochimica Acta, [8, 2, 71 (1956)]. 
bee" F. 8., and Tomkins, Fred M., Spectrochimica Acta, 6, 139 
(1954). 
*Klinkenberg, P. F. A., Rev. Mod. Phys., 24, 2, 63 (1952). 
‘Mayer, M. A., Phys. Rev., 78, 16 (1950). 
ee F. S., and Tomkins, Fred M., J. Opt. Soc. Amer., 39, 357 
(1949). 
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Separation of Particulate Materials 
into Size-Ranges 

DuRING an experiment a beaker was used for 
collecting a stream of small glass spheres issuing from 
a chute. A number of the spheres escaped over the 
edge of the beaker, after rebounding from the layer 
of material in the bottom, and on examination this 
fraction was observed to be of considerably more 
uniform size than the original sample ; an observation 
which suggests a simple method for the separation 
of non-cohesive particulate materials into sized 
fractions. 

The following test was then carried out. 

Glass spheres having diameters of 0-02-0-06 in. 
were allowed to fall from a funnel into a polythene 
beaker 3 in. diameter and 3} in. high, the height of 
fall being 12 in. The polythene beaker was placed 
within a beaker of 1-litre capacity which acted as a 
receptacle for the separated fraction. 

The material was supplied until the inner beaker 
was filled to a depth of 14 in., when the flow was 
stopped, the beaker emptied and the process repeated. 
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The size-distribution curves for the original 
material and the separated fraction are given in 
Fig. 1. 

In a further test 800 gm. of steel balls of 4 in. 
diameter and 200 gm. of steel balls of ve in. 
diameter were mixed. 7 gm. of the 7s-in. diameter 
balls, completely free from 4-in. diameter balls, were 
recovered after one pass of the mixture. 

It is interesting to note that a possible explanation 
of the phenomenon is that in the manifold collisions 
which occur when the falling spheres are brought to 
rest, the particles of smaller mass acquire a higher 
mean velocity than those of larger mass, and this 
enables them to rebound to sufficient height to escape 
over the edge of the beaker. If this explanation is 
correct, then it would suggest a close analogy between 
the behaviour of a mixture of gases of different 
mo!ecular weight and a powdered material having a 
wide range of particle size. 

H. E. Rose 
R. N. Lanemarp 
Engineering Depariment, 
King’s College, 
London, W.C.2. 
July 11. 


Air-Flux Sensitivity of the Pulses of the 
Negative Point to Plane Corona in Air 
at Atmospheric Pressure 


THE negative point to plane corona, glowing at 
atmospheric pressure in air, may be looked upon as 
a result of a large number of self-quenched electron 
avalanches per unit time. The effect of self-quenching 
occurs only in the case when an electronegative gas 
component is present and is due to a cloud of nega- 
tive ions influencing strongly the electric field in 
the vicinity of the sharp end of the cathode!. When 
a sufficiently high potential difference exists between 
the cathode and a flat anode, the current pulses 
follow each other with a high frequency and the 
negative ions strongly decrease the amplitudes of 
the voltage pulses occurring on the resistance R 
placed in series with the point cathode**. For a 
sufficiently high frequency of the electron avalanches 
(increases with the applied voltage), the following 
approximation should describe the change of the 
amplitude of the voltage pulses due to the negative- 
ion concentration or pulse-frequency : 


1 1 
Ni AN  K+AK 
for Ny, < N < Np, and V, < V3. 


Here A is the amplitude of the voltage pulses, N 
their frequency, V, and V, are the values of the 
voltage, Ny,, Ny: are the frequencies of the pulses 
at certain critical voltages V,, V;. K is the negative- 
ion concentration in the vicinity of the cathode 
when the frequency of the pulses is N. 

The values of N or K may be changed by : (a) blow- 
ing away a number of negative ions per unit time 
resulting in a decrease (— AK) of K; (6) cooling 
the vicinity of the sharp end of the cathode resulting 
in a decrease (— AN) of the number of primary 
electrons N initiating the avalanches. 

All this suggests in general that a change of N or K 
for a constant voltage V (V, << V < V2) may be 
measured by the intermediary of the amplitude 
change of the pulses. This may be done by discrimina- 
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Fig. 1. The graphs show, in arbitrary units, the dependence of the 
counting-rate of the registered pulses, versus the air velocity, 
measured with a Prandit’s tube. The air velocity is given as a 
measure of the pressure difference: Ap = £ v*. Each curve 


was measured at different_discrimination. V = constant 


tion of those pulses the amplitudes of which are 
smaller than a certain preferred and fixed 
value. 

To test the air-flux sensitivity, an atmospheric 
Geiger counter was used. The counter consisted 
of a sharp cathode and a metal face ring and was 
used together with a high-voltage stabilizer, a cathode 
follower, a discriminator unit and a counting-rate 
meter. The air-flux influence on the pulse ampli- 
tudes could be observed on the oscilloscope screen 
also. When an appropriate voltage V (_V, < V < V2) 
is put on the counter, a light phenomenon of the 
negative point corona can be observed at the sharp 
end of the cathode. On the oscilloscope screen one 
may see a large number of single pulses. The ampli- 
tude of these pulses is very small. When discrim- 
inating these pulses the counting-rate meter shows 
no counting-rate at all; but if an air stream is 
directed into the discharge space the amplitude of 
some of the pulses increases. The counting-rate meter 

ogisters now the increased pulses. 

Fig. 1 shows some graphs of preliminary observa- 
tions. Each curve is measured for a certain constant 
discriminating factor of the pulse discriminator and 
for a constant voltage. These graphs show the similar 
character of the curves. The preliminary oscilloscope 
observations show furthermore that there exists an 
inversion-like voltage, similar to that described by 
Mohanty‘ in the case of the Joshi effect. 
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I wish to thank Prof. J. Niklibore for hi. king 
interest in this problem. 
Boepan Susax 
Department of Experimental Physics, 
Bolestaw Bierut University, 
Wrociaw, Poland. 


* Kapcow, N. A., “Elektronika”, 381 (Moscow, 1953). 
* Loeb, L. B., “Fundamental Processes of Electrical Disch 
Gases”, Chap. 10 (John Wiley and Sons, Inc., New York, 


* Englisch, W. N., Phys. Rev., 74, 170 (1948). 
* Mohanty, 8. R., Z. Phys., 140, 370 (1955). 
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Motion of Sporadic-E Patches determin :d 
from High-Frequency Backscatter 
Records 


New evidence of the motion of ‘sporadi:. 
ionization has been obtained at Stanford University 
from records of ionospheric sounding equipment 
which displays ground (or sea) backscatter as 
mirrored in ionospheric layers or reflecting clouds, 
Sporadic-£ patches of relatively limited geographical 
extent (order of 10,000 sq. km.) often appear on the 
records of this apparatus, and their growth and motion 
can in some cases be followed. Whether this moiion 
is due to physical translation of the ionized material 
(as by winds) or to some other cause such as motion 
of an ionizing agency is not known; however, it is 
of interest to compare observations made by this 
relatively new technique with earlier ones made by 
other means. 

The backscatter'* in use at Stanford employs a 
rotating unidirectional beam antenna of relatively 
low directivity, and a plan position (PPI) display. 
A 2-millisecond pulse having a peak power of one 
kilowatt is radiated at 17-3 and 30-66 Mc./s. The 
antenna rotates once per minute, and a photographic 
record is made of each scan in azimuth. The equip- 
ment has been operated virtually continuously since 
September 1952. 

Detailed observation of EH, clouds or patches 
showed that the number which can be clearly dis- 
tinguished as separate events is approximately 2,700 
in the three-year period. Duration of the individual 
patches varied from a few minutes to a maximum of 
10-5 hr., with @ mean value of 3 hr. Every patch 
was examined for indications of motion. If during 

a@ period of one half-hour a given patch did not 
dissolve or become mingled with other activity so 
that it. could no longer be studied as a unit, it was 
chosen for plotting. The centroid of the patch, 
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defined as the mean range and the mean angular 
position in azimuth, was plotted until the patch 
either moved out of range or was otherwise lost. 
A total of some 264 such tracks were studied and 
speed and direction information derived. 

These results are shown in Figs. 1 and 2. The 
speed distribution has a peak at 250 km./hr.; but a 
few very high-speed cases raise the mean value to 
300 km./hr. In only nine cases out of 264 were speeds 
greater than 550 km./hr. recorded. Direction is.pre- 
dominantly toward the west, and in 80 per cent of 
the cases it was within 45° due west. It is interesting 
to note that the mean speed is approximately one- 
fourth of the speed of the subsolar point at this 
latitude, and the average direction of patch motion 
is the same as that of the subsolar point. 

Apparent speed of drift of these patches is in 
good agreement with that of ionospheric winds, as 
determined by the meteor trail drift method?-*, and 
of Z; motion, as measured by the fading method*?®. 
However, the predominant direction of motion of 
the sporadic-Z patches in this study does not agree 
with the predominant directions of motions determ- 
ined by the other methods. Moreover, the present 
work brought to light no diurnal changes in the 
direction of apparent motion as have previously been 
reported. 

Ferrell and Gerson have previously deduced 
sporadic-E cloud drift by a method somewhat 
analogous to the present one, utilizing radio amateur 
transmissions in the 50-Mc./s. band*»’. While the speeds 
which they reported were in rough agreement with 
those of the present study, the directions reported 
were variable and showed no particular tendency 
to favour the west. The number of patches observed 
in this study is far larger than the number reported 
by Ferrell and Gerson. 

Supporting evidence for the reality of the patch 
position and time measurement was obtained with 
the aid of the C-3 vertical incidence ionospheric 
sounder at Stanford University. Forty-one of the 
tracks plotted had directions which carried them 
directly overhead at Stanford. From the trails, pre- 
dictions of arrival time overhead were made and 
verified by searching for a peak in the sporadic-H 
penetration frequency, as indicated on the vertical 
sounder records for the predicted time. The agree- 
ment was close in 90 per cent of the cases. In only 
two cases did the patch fail to appear overhead. 
In both these instances the patches were receding 
from the sounder and extrapolation backwards in 
time was required. These patches, accordingly, may 
have been formed at times later than their calculated 
time of appearance overhead. 
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Further details will be found in a paper now being 
prepared for publication. 
Crayton CLARK 


AtLEN M. PETERSON 


Radio Propagation Laboratory, 
Stanford, California. 
July 5. 


1 Peterson, A. M., J. Geophys. Res., 56, 221 (1952). 
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* Villard, O. G., and Peterson, A. M., Science, 116, 221 (1952). 

* Ferrell, O. P, Science and Culture (June 1944). 

* Gerson, N. C., Canad. J. Phys. (May 1951). 
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High-Energy Particles in Solar Flares 


AT a recent lecture delivered at Harwell, Dr. I. V. 
Kurchatov gave details of Russian experiments with 
high current-density gas discharges. One interesting 
phenomenon that was observed concerned the pro- 
duction of high-energy particles in the discharge, 
possessing energies greatly in excess of those that 
could be attributed to the Maxwellian distribution at 
the temperatures reached in the spark, and also 
greatly in excess of the electron-energy corresponding 
to the potential difference across the spark gap. This 
effect could be observed in deuterium through the 
production of neutrons and gamma-rays. The onset of 
this phenomenon was always clearly related to a 
certain behaviour of the spark, namely, to the second 
constriction that occurred. It must therefore be 
supposed that in the complicated electrodynamical 
processes that occur in sparks that become con- 
stricted in their own magnetic field, there occurs a 
mechanism for accelerating a small fraction of the 
particles to high energies. This can perhaps be under- 
stood in terms of multiple reflexions of ions in the 
interior of a rapidly converging cylindrical magnetic 
shock wave. 

The interpretation of solar flares is not yet clear. 
The effect could well be interpreted as an electrical 
discharge ; but in a gas already highly ionized before 
the discharge, it is necessary to find a reason for the 
sudden onset of the phenomenon. It could be that 
electric currents evenly distributed through large 
volumes normally flow in the vicinity of ¢ i 
sunspots ; but that in circumstances when the current 
density exceeds a certain value, an instability occurs 
causing the currents to become constricted along one 
or several lines due to their own magnetic fields 
(the ‘pinch’ effect). 

High-energy particles are produced in solar flares, 
as is clear from certain radio observations and from 
the occurrence of associated cosmic-ray effects. If 
the interpretation of a flare given here is correct, the 
Russian experiments would seem to provide a 
laboratory analogy for this effect which will greatly 


facilitate further analysis. 
T. Gop 


Royal Greenwich Observatory, 
Herstmonceux Castle, 
Hailsham, Sussex. 
June 18. 
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The d-Band Character of Metals and the 
Rate and Mechanism of the Electrolytic 
Hydrogen Evolution Reaction ” 


It is known empirically! that for the hydrogen 
evolution reaction, log ¢, (where 79, the exchange 
current density, is directly proportional to the rate 
constant of the reaction) increases linearly with 
increase of 9, the thermionic work function of the 
electrode substrate, for most metals, but may decrease 
with increase of 9 for mercury, thallium and lead. 
The work function is eliminated in the potential 
terms governing the rate of hydrogen evolution in an 
actual cell. The origin of the dependence of rate 
constant upon @ must therefore be sought in the rela- 
tion to g of some other parameter upon which the 
rate of evolution of hydrogen depends. 

It is simple to show** that if the reaction : 


H,0O- + a> > MEH 

(M = metal substrate) controls the overall rate of 
the hydrogen evolution reaction, log 7%) should 
increase approximately linearly with AHaas.u, the 
heat of adsorption of hydrogen on the metal. AHads.H 
is known experimentally for a number of metals. 
It is of interest here, however, to relate AHaas.H to 9 
through the equation due to Pauling for the relation 
of the heat of formation (—Dyy) of the metal 
hydride, MH, to the heats of dissociation of MM and 
HH, and the electronegativities of M and H, that is, 
—Dyn ~ AHaas.u, but will differ from it essentially 
only by the image potential at the M—H interface ; 
this potential is not primarily dependent upon 9. 
— AHaas ux — Dyan is found to be 10-15 kcal. mole 
for a series of metals (Fig. 1); the image potential* 
is approximately —15 kcal. mole-. 
Dun = 4(Dum + Dun) + 23-06 (Xa¢ — XH)* (1) 

In (1), Dym and Xy can be related to 9 by the 
equations® 
23-06 x 


Dum = 0-6 9/0-52 


and 
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Fig. 2. Dependence of log i, upon AHads.H (both parameters 
measured under conditions of highest purification of solutions 
and surfaces) 





If the electronegativity term in (1) is neglected 
(cf. ref. 6), the relation of Dyy (or AHaas.H) to ¢ is 
as shown in Fig. | and, on this basis, it follows that 
AH ads. increases with increase of », so that if proton 
transfer determined the rate, log i, would increase 
with increasing 9, as is found empirically'. The 
conclusion from this kind of relationship that the 
rate-determining step for many metals was proton 
transfer was recently drawn by Ruétschi and Delahay' 
in an application of the potential energy curve theory 
of Parsons and Bockris. If, however, the electro. 
negativity term is included in equation 1, the relation 
of Dyn (or AHaas.H) to 9 is as shown in the second 
curve in Fig. 1. The trend is in the opposite direction 
to that obtained when the electronegativity term in 
(1) is neglected* and now agrees with the trend of 
experimental AHaags.H values with ». It follows that 
the experimentally observed plot of log i, against ¢ 
indicates that the rate constant of the hydrogen 
evolution reaction for many metals decreases with 
increase of the numerical magnitude of 
Dyu (or AHaas.H); that is, behaves in 
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the opposite sense to that theoretically 
expected if proton transfer determined 
the rate, and to that concluded by 
Delahay and Ruétschi, who neglected the 
effect of electronegativity. The latter 
term in equation (1) contributes 0 and 
20 per cent of the value of Dyn, depend. 
ing on the metal. It is, however, an 
important term leading to variation of 
Dyn with the metal. 

It follows that for the large group of 
metals referred to (those for which log (, 
increases linearly with 9, namely, copper, 
silver, gold, molybdenum, tungsten, iron, 
nickel, cadmium, gallium, aluminium, 
rhodium, palladium, platinum) a desorp- 
tion of hydrogen atoms must occur in 
formation of the activated complex in the 
rate-determining step. Such a rate- 
determining step is: 








65 70 
—Dwmu or AHads.4 in kcal./mole 


Fig. 1. 
+—-+, Values of 


values of AHads.H (refs. 5 and 7). 


techniques 


H,0O° + MH + e- > 
H, + H, + M (4) 


Dependence of metal-H interaction energy upon electron work function. 
—Dwau calculated from equation (1) neglecting Xm. 
Values of —Dmu calculated from (1) including Xu as (9). O—O, Experimental 
Values of @ are mainly from the post-1950 
literature and were chosen critically with regard to use of rigorous purification 


canal the so-called ‘electrochemical mechan- 


ism’!, and the kinetic parameters char- 
acteristic of this reaction as the rate- 
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determining step have in fact been observed!»® for 
a number of the above metals in acid solutions. 
For these metals of intermediate hydrogen over- 
potent ial, therefore, equation (4) determines the rate, 
whereas for the metals mercury, lead and thallium, 
jt appears that the proton discharge is the rate- 
determining reaction (cf. ref. 1), and at platinum the 
desorption by recombination of adsorbed hydrogen 
atoms determines the rate. 

The relation of 7, to the structure of the metallic 
substrate arises as follows. It has been recently 
established? that decrease of d-character is associated 
with increased heat of adsorption of hydrogen. The 
exchange current density would therefore be expected 
to decrease with decreasing d-character, as is experi- 
mentally verified’. The relationship to 9 arises 
similarly, a8 @ increases with the amount of d-char- 
ater®, owing to the lower energy of electrons when 
more are paired as the d-band becomes more filled. 

B. E. Conway 
J. O'M. Bocxris 
John Harrison Laboratory of Chemistry, 
University of Pennsylvania. 
Philadelphia. March 14. 
' Bockris, J. O’M., “‘Modern Aspects of Electrochemistry’’, chapter 4 

(Butterworths, London, 1954). 

*Horiuti, J., and Polanyi, M., Acta Physiochimica, U.S.S.R., 2, 505 
(1935). 
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‘conway, B. E., Ph.D. thesis, London, 270 (1949), 

‘Bosworth, R. C. L., J. Proce. Roy. Soe. N.S.W., 74, 538 (1941). 

‘Conway, B. B., and Bockris, J. O'M., J. Chem. Phys. (in course of 
publication). 

*Ruétschi, P., and Delahay, P., J. Chem. Phus., 28, 195 (1955). 

' Beeck, O., Discuss. Farad. Soc., 8, 118 (1950). 


Detection of Free Radicals in Sodium 
Dithionite by Paramagnetic Resonance 


Ir has been shown! that the photochemical oxida- 
tion of a bound oxalate ion leads to the formatign 
of a free radical (assumed to be C,0,~— or CO,7). fn 
view of the formal analogy between the oxalate ion, 
C,0,?-, and the dithionite ion, 8,0,?~, and the possi- 
bility of their undergoing oxidation by similar mech- 
anisms*, we have investigated the possibility of pro- 
ducing the corresponding free radical from the 
dithionite ion. The paramagnetic resonance apparatus 
was similar to that previously described’. All 
measurements of paramagnetic resonance absorption 
were made at liquid-oxygen temperature with the 
samples sealed in thin-walled evacuated glass tubes. 

Samples of anhydrous sodium dithionite showed 
a weak paramagnetic resonance absorption having a 
g-value of 2-01 + 0-01 and width of 12 + 3 gauss, 
suggesting that it was due to a free radical. This weak 
absorption could still be detected after pumping 
under high vacuum at a temperature of 60—70° C. 
Treatment of the crystals in vacuo with a small 
quantity of degassed water caused an increase in the 
free radical content which grew during 1 hr. at room 
temperature. When sufficient water was added to 
dissolve the crystals completely at room temperature, 
and the solucion was egain frozen at liquid-oxygen 
temperature, no free-radical absorption could be 
detected. Part of the water was then evaporated into 
the side-arm until crystals separated. On freezing 
in liquid oxygen, a free-radical signal was again 
observed. On admittance of air the free radicals did 
not disappear until the mixture had stood for some 
time. The free-radical content of the anhydrous 
dithionite was also found to increase when wetted 
with ethyl alcohol. 
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The free radicals observed in the wetted anhydrous 
crystals were found to be quite stable in the absence 
of air and were observed after storage for several 
days at room temperature. The free-radical content 
was estimated to be approximately 6 x 107 per gm., 
corresponding to the dissociation of about 0-01 per 
cent of the dithionite ions. This may not, however, 
represent the total quantity of free radicals present, 
owing to possible broadening of the absorption band 
in solution. It is not yet clear, therefore, whether the 
radicals are present only in the crystals or whether 
they are also present in the aqueous solution. It is 
possible that the radicals are stabilized by adsorption 
on the crystal surfaces*. Certainly no signal has so 
far been detected in those tests in which the crystals 
had completely dissolved. 

The two most probable formule which have been 
suggested for the dithionite ion are [O,S.SO,]*~ and 
[OS.O.SO,]?~. The second (mixed anhydride) formula 
is supported by chemical evidence’. Bassett and 
Durrant‘ postulate the existence of two forms of the 
free acid, one corresponding to each of these ionic 
structures. The first form has a similar structure to 
that of the oxalate ion. From the results of an X-ray 
analysis of crystals of anhydrous sodium dithionite, 
Dunitz® concludes that the dithionite ion can be 
regarded as a pair of SO,~ units linked by a weak 
S—S bond, and he suggests that the SO,— radical 
occurs at least as a transitory species. The existence 
of SO,— radicals in aqueous solutions of dithionite 
has already been suggested® to account for the 
polarographic behaviour of sodium dithionite in 
neutral or alkaline medium. The SO,~ radical would 
be expected to act as a reducing agent, analogous 
to the oxalate radical, owing to the reaction SO,~ > 
SO, + e, as suggested by Dunitz'. 

We wish to thank Dr. W. Furness, of Messrs. 
Brotherton, Ltd., for the sample of anhydrous 
sodium dithionite. 

This communication is published by permission of 
the Admiralty. 

W. G. Hopeson 
A. NEAVES 
C. A. PARKER 
Admiralty Materials Laboratory, 
Holton Heath, 
Poole, Dorset. 
July 9. 
1 Ingram, D. J. E., Hodgson, W. G., Parker, C. A., and Rees, W. T. 
Nature, 176, 1227 (1955). 
* Parker, C. A., Analyst (in the press). 
* Bijl, D., Kainer, H., and Rose-Innes, A. C., Nature, 174, 830 (1954). 
* Sidgwick, N. V., ““The Chemical Elements and Their Compounds’’, 
907 (Clarendon Press, Oxford, 1950). Bassett, H., and Durrant 
R. G., J. Chem. Soe., 1401 (1927). 
5 Dunitz, J. D., J. Amer. Chem. Soc., 78, 878 (1956). 


* Furness, W., Anaiyst (in the press). Cermak, V., Chem. Zvesti, 8, 
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Moult Adaptation in Relation to 
Long-Distance Migration 

Marshall and Serventy' have receutly directed 
attention to moult adaptation in the short-tailed 
petrel, Pufinus tenuirostris, of Tasmanian waters. 
In this species post-nuptial head and body moult 
takes place in the breeding quarters while moult of 
tail- and wing-feathers is postponed until the bird 
has arrived at its northern non-breeding quarters. 
From this the authors decide that “from the... 
data there emerges clear evidence of the evolution 
of a moult adaptation related to the migratory 
requirements of species that undergo a long post- 
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nuptial migratory movement”’. That moult adapta- 
tion in relation to long-distance migration need not 
be a general phenomenon, and probably has only 
taken place in certain families of birds, is indicated 
by the following observations on two species of long- 
distance passerine migrants. In April 1953 a large 
number of swallows, chiefly consisting of the European 
swallow, Hirundo rustica, and the European house 
martin, Delichon urbica, perished in the neighbourhood 
of Cape Town, due to a short spell of adverse weather 
conditions. Of the thirty-five H. rustica examined, 
99-1 per cent showed moulting flight-feathers, 65-7 per 
cent had moulting tail-feathers and 8-6 per cent had 
moulting body- and head-feathers. Of fifty-two 
D. urbica, 40-4 per cent had moulting wing-feathers, 
75 per cent moulting tail-feathers and 94-2 per cent 
moulting body- and head-feathers*. 

It is in April that these swallows leave southern 
Africa on their long-distance flight to the northern 
breeding quarters. Moulting flight- and tail-feathers 
at this time must be a disadvantage to these birds. 
The above data show that the moult which these 
swallows undergo in their wintering quarter sets in 
late and is continuous with no hiatus between the 
moulting of body- and head-feathers and the wing- 
and tail-feathers. Swallows are also very much 
dependent on their wings just as petrels are. Still, 
moult adaptation in relation to long-distance migra- 
tion seems to have taken place in one but not in the 
other. 

G. J. BROEKHUYSEN 

Department of Zoology, 

University of Cape Town, 

Rondebosch. June 19. 
2 Marshall, A. J., and Serventy, D. L., Nature, 177, 4516 (1956). 
* Broekhuysen, G. J., The Ostrich, 24, 3 (1958). 


Injury from the Decompression Component 
of an Air-Blast Wave 


PREVIOUS experiments have shown that about 
80 per cent mortality is to be expected when 60-day 
old mice are explosively decompressed, in a matter 
of 30 m.sec., from a pressure of 80 Ib. per sq. in. above 
atmospheric. Since the positive phase of an air blast 
wave is characterized by a shoek front followed by 
a@ rapid drop in pressure comparable to explosive 
decompression, it was thought of interest to invest- 
igate the lethal effect of this component of the blast 
wave. Accordingly, mice were subjected to 80 lb. 
per sq. in. over-pressure for varying durations of time 
and then explosively decompressed. No lethal effect 
was observed until the mice had been under pressure 
for times longer than 100 m.sec. At 1 second the 
mortality had only risen to about 12 per cent, as 
compared with the control data on 80 per cent 
mortality which was obtained when the mice were 
under pressure for a matter of 1 min. It is therefore 
concluded that the explosive decompression com- 
ponent of the blast wave has no lethal effect per se. 
Details of this work will be reported later. 

The opinions or assertions in this letter are the 
private ones of the writers, and are not to be construed 
as Official or reflecting the views of the Navy Depart- 
ment. 

F. W. Brown, III 
RicHarD H. LEE 
Medical Research Department, 
U.S. Navy Mine Defense Laboratory, 
Panama City, Florida. 
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Spike Potentials produced by the Sea Lamprey 
(Petromyzon marinus) in the Water 
surrounding the Head Region 


UnpErR the auspices of the Fisheries Research 
Board of Canada an investigation was started 
recently in this laboratory on hearing in the ge 
lamprey. During preliminary observations, adult 
Petromyzon marinus were placed in rigid ‘Lucite’ 
cylinders of 14 in. inner diameter. <A row of silver 
electrodes had been placed in the wall of the tube 
at l-in. intervals along a straight longitudinal! ling, 
Each of the electrodes could be connected individually 
with a d.c.-fed pre-amplifier. The last electrode in 
the row, located beyond the tail of the animal, served 
as reference electrode. The tube, filled with fresh 
water and containing the animal, was kept in 4 
Faraday cage together with the pre-amplifier. The 
output of the amplifier was connected with a cathode 
ray oscilloscope. In the water surrounding the head 
region spike potentials were recorded from electrodes 
15-20 mm. away from the animal’s surface. Fig. 
1 represents a recording from an electrode located 
immediately above the left eye of the animal. The 
triphasic spike has a duration of about 20 m.sec. and 
@ potential of 200 uV.; the positive third phase has 
a potential of 30 nV. and lasts about 15 m.see, 
Successive recordings from electrodes headwards or 
tailwards demonstrated that the highest potentials in 
the water were towards the anterior extremity of 
the animal, that is, surrounding the region of the 
head anterior to the eyes. The values of the potentials 
decreased rapidly posteriorly .to the eyes and no 
spikes could be recorded from electrodes beyond a 
distance of 2-3 in. from the eyes towards the tail of 
the animal. The electrical field was therefore con. 
fined to the anterior end of the body. 

By recording with continuously moving film and 
using single sweeps, the frequency of the spike poten- 
tials was determined. Fig. 2 represents a short section 
of such a film. The time scale is 0-1 sec. The spikes 
on this film recur with a frequency of 0-4 sec., but 
under different experimental conditions this fie- 
quency changed. It was established that the re- 
currence of the spikes is synchronous with the 
externally visible respiratory movements of the gill 


Fig. 1. 


Spike potential in the water; electrode 20 mm. away 
from the fish above the left eye. Time signal, 10 m.sec.; 200 V. 
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openings. This synchron- 
ization was determined by 
amplifying the spike poten- 
tial sufficiently to light a 
6-V. bulb and by making a 
motion picture of the gill 
movements and of the flash- 
ing bulb, held in the same 
photographic field. The 
spike potentials occur a 
fraction of a second be- 
fore the onset of the 
closing movement of the 
gill openings. Fig. 3 
represents @ photograph 
of the head region of the 
sea lamprey, made by 
means of a photographic 
flash bulb fired by the 
amplified spike potential. 
The picture was taken 
with open camera shutter 
in complete darkness but 
for the firing period of 
the flash. It therefore 
represents the exact posi- 
tion of the gill openings 
at the moment the spike 
potential occurred. In Fig. 
3 the gill openings are 
about to be constricted. 

Detailed measurements 
of the electrical field were 
made in tubes of a more 
refined construction, and 
a number of recordings 
were made of potentials 
generated by lampreys in 
larger containers. Data 
obtained by these observa- 
tions will be reported else- 
where. 

At the present time, two 
main aspects of the observ- 
ations made by us are 
being studied. (1) What 
is the source of the potentials recorded and (2) what 
are their functions, if any ? The source must 
be a powerful one since a@ potential of 200-300 pV., 
20 mm. away from the animal, in fresh. water, 
represents @ considerable amount of energy at 
the source. In order to ‘allow for the emission 
of this electrical energy into the water surround- 
ing the head of the animal, a special organ or 
‘window’ must be present in the skin, connecting the 
source with the outside medium. Preliminary experi- 
ments were made in order to determine the nature 
of this source, which may be the action potential of 
nerve or muscle. The shape of the spike potential 
represented in Fig. 1 resembles that of a nerve 
action potential in a conducting medium. Animals 
injected with strychnine sulphate, however, did not 
emit spikes of higher potential than non-injected 
animals. Treatment with curare and cocaine did not 
give conclusive information, and further experiments 
are now in progress to determine the source of the 
electrical field. 

As to the functions of these potentials in the life 
of the sea lamprey, it must be stated that the frequency 
of the spikes excludes their usefulness for ‘radar’ 
orientation. It is, however, very well possible that 





x 
\ 
\ 
’ 


uel 
Fig. 2. Spike potentials re- 
corded in the water surround- 
ing the head of the sea lamprey. 
Time signal, 100 m.sec. 
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Fig. 3. Position of gill openings at the moment of occurrence of 


the spike potential in the water. Photoflash was fired by the } 
amplified spike potential 


the lamprey is able to perceive changes in the electrical 
field surrounding its head and can thus sense the 
approximation of solid objects such as prey. In this 
connexion it may be pointed out that the lamprey’s 
eyesight is poor and that the behaviour of lampreys 
in aquaria indicates that prey fish are attacked only 
when they are within a distance of a few inches from 
the lampreys. 

We gratefully acknowledge the co-operation and 
assistance received from the Department of Lands 
and Forests of the Province of Ontario. 

HERMAN KLEEREKOPER 
Kira SrBAKIN 
Department of Biology, Hamilton College, 
McMaster University, Hamilton, Ontario. 
May 9. 


Counter-Streaming Centrifugation of Bull 
Spermatozoa 


PRELIMINARY experiments aiming at a separation 
of bull spermatozoa determining male and female sex 
were undertaken with a counter-streaming centrifuge’. 
Originally it was assumed that the female-determining 
spermatozoa, carrying a large X-chromosome?, should 
have a greater volume or—the volumes being equal— 
a higher density than the male-determining ones, 
carrying a small Y-chromosome’. Later it was, how- 
ever, demonstrated that the density of bull sperma- 
tozoa increases in the course of their physiological 
maturation’. This change in density is of such an 
order of magnitude that it totally obscures the differ- 
ence in sedimentation-rate due possibly to the differ- 
ence in volume between the sex chromosomes. 
Differences in sedimentation-rate might further be 
caused by as yet unknown differences in shape 
between the two kinds of spermatozoa. 

In all experiments a slightly modified phosphate- 
buffer of Phillips and Spitzer* was used as suspension 
liquid. The separations were finished within thirty 
minutes. During this time the temperature of the 
introduced suspension liquid was lowered from 20° to 
12° C. So far, only the fraction of spermatozoa retained 
in the centrifuge, representing a selection of larger 
and/or denser ones, has been used for inseminations. 

In one experimental series the centrifuge was run 
at 1,200 r.p.m. and the rate of flow (12 ml./min.) of 
the suspension liquid was so adjusted as to make 
the retained fraction about half the introduced 
material. Of the 376 inseminated cows 187 became 
pregnant, corresponding to a fertility of 49-7 per 
cent. The mean fertility at the Artificial Insemination 
Station during the same time was 55 per cent. The 
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sex of the calves was reported. There was no sig- 
nificant deviation of the sex-rate from that of the 
corresponding control group. 

In another series the centrifuge was run at 
1,100 r.p.m., and the rate of flow (16 ml./min.) of the 
suspension liquid was so high that only one-twentieth 
to one-fifteenth of the spermatozoa were retained in 
the centrifuge. They showed very low motility (over- 
ripeness*® ?). For this reason, and on account of the 
seantiness of spermatozoa, only 24 inseminations 
were performed with this material. Of the cows 
12 became pregnant, all belonging to different herds. 
One cow had to be slaughtered later. The 11 calves 
were all males. In the corresponding control group 
of 9 calves, 3 were males and 6 females. 

The last series of experiments is being repeated. 

I am very much indebted to the Artificial Insemina- 
tion Association of Enk6ping for allowing me to per- 
form these experiments, and to the chief veterinarian, 
Dr. T. Svensson, and to Dr. K. Idla for most valuable 
co-operation. The counter-streaming centrifuge was 
run by Mr. P.-A. Lindstrém. Financial support from 
Ely Lilly and Co. is gratefully acknowledged. 

Per Eric LINDAHL 

Institute of Zoophysiology, 

Upsala, Sweden. May 17. 

? Lindahl, P. E., Nature, 161, 648 (1948). Lindahl, P. E., and Nyberg, 
Y er. Sci. Eng. Res. (Stockholm), 26, 309 (1955). 

* Makino, S., Cytologia (Japan), 13, 247 (1944). 

’ Lindahl, P. E., and Kihlstrém, J.-E., J. Dairy Sci., 35. 393 (1952). 
* Phillips, P. H., and Spitzer, R. R., J. Dairy Sci., 29, 407 (1947). 
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Blood-Histamine and Tissue-cell Anoxia 
in Mental Disease 


Work in our laboratories, inter alia, has been 
concerned for some years with the aberrant morph- 
ology and physiological responses*-* of the peri- 
pheral capillary vascular system of patients with 
schizophrenia and other mental disturbances. More 
recently, we have been concerned with the effects of 
these responses of the minute vasculature on the 
oxygenation of the adjacent tissue cells. In brief, 
we have found that, under conditions of increased 
capillary pressure, lessened local blood-oxygen satura- 
tion and capillary corpuscular flow (often with intra- 
vascular erythrocytic agglutination), hydration, 
swelling, vacuolization, granularity and other de- 
generative changes reminiscent of cellular cloudy 
swelling occur progressively in the intervascular 
tissue substance®. These changes reverse themselves 
when the vascular conditions seemingly causing them 
also suffer a reversal. Although these changes have 
been observed from time to time in healthy subjects, 
they are much more characteristically seen, and for 
much longer periods of time, in psychiatric patients, 
and especially in psychotics. Also, these vascular and 
cellular responses seem to coincide in time with 
significant happenings in the mental state of the 
patients and the dynamic variations occurring in 
their state of consciousness (for example, a worsening 
of the pathophysiology takes place when hallucina- 
tions are experienced® or when a myoclonic seizure’ 
occurs in an epileptic, while an improvement in these 
reactions coincides with recovery or subsidence of 
these events). 

Our interest in the mechanism whereby the cell 
could conceivably be affected by a diminution in 
the supply of molecular oxygen in the capillaries 
led to a study of the histamine metabolism of 
psychiatric patients. Using the Lowry e¢ al.* column 
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chromatographic microchemical method of estimating 
blood histamine (modified by trebling the concentra. 
tion of DNFB per aliquot) and 5-ml. blood samples 
obtained by venupuncture, we investigated both 
mentally healthy and mentally sick populations jj 
in the non-fasting state. In the former (N = 12) wo 
found a mean blood histamine-level of 88-86y per 
litre (s = 27-43), that is, very close to the mean of 
82-0y per litre for ‘true’ histamine reported by 
Lowry et al. and the figure of 86y per litre obtained 
by Valentine e¢ al. from 16 non-fasting healthy 
subjects using Code’s'® modification of the origina] 
Barsoum and Gaddum" bioassay technique. In the 
latter population the mean levels were invariably 
greater, those for schizophrenia (N = 29) being 
106-38y (s = 24-84) and contrasting with those for 
epilepsy (N = 5) at 139-42y per litre (s = 24-57), 
while those for other psychiatric conditions (Np = 66) 
lay between these two values. An analysis of vari. 
ance showed the differences between the means to be 
significant (P = 0-01) and no significance could be 
attached to the possible variables of age and sex, 
If these results are confirmed, their repercussions 

on stress-theory and on the role of histamine meta. 
bolism in this theory will be considerable ; as they 
stand they strengthen the growing evidence favouring 
the relationship between tissue anoxia, mental disease 
and histamine release. We are currently engaged 
in extending our experiments in a longitudinal fashion 
in an endeavour kinetically to correlate the precise 
vascular and tissue events in circumstances of 
changing concentrations of blood histamine. The 
results contained in this communication will be 
published in greater detail in specialist journals 
elsewhere. 

J. W. Lovett Dovust 

H. Huspan 

M. E. Sauna 

Research Laboratories, 
Department of Psychiatry, 

University of Toronto. June 21. 


+ Lovett Doust, J. W., J. Nerv. Ment. Dis., 121, 516 (1955). 

* Lovett Doust, J. W., J. Clin. Exp. Psychopathol., 16, 272 (1955). 

* Lovett Doust, J. W., Arch. Neurol. Psychiat., 74, 137 (1955). 

* Lovett Doust, J. W., J. Ment. Sci., 98, 143 (1952). 

5 Lovett Donst, J. W., and Salna, M. E., Canad. Psychiat. Assoc. J 
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* Lovett Doust, J. W., 
72, 803 (1955). 

7 Lovett Doust, J. W., and Schneider, R. A., J. Mental Sci., 98, 640 
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* Lowry, O. H., Graham, H. T., Harris, F. B., Priebat, M. K., Marks, 
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Detection of Xanthine Dehydrogenase 
Activity in Soluble Proteins of Rat Liver 
separated by Paper Electrophoresis 


Ir has been shown by paper electrophoresis that 
xanthine dehydrogenase activity is bound to the 
globulin fractions of rat serum!. Using differential 
centrifugation, it was demonstrated that xanthine 
oxidase and xanthine dehydrogenase activities are 
present in the supernatant fluid corresponding to the 
‘cellsap’ containing the soluble proteins of therat liver’. 

A large number of proteins are present in the ‘cell 
sap’ fraction of the rat liver, and they have recently 
been separated by paper electrophoresis*. We were 
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interested to know which of these fractions showed 
xanthine dehydrogenase activity. 

Wistar white adult male rats weighing 150-200 gm. 
were used throughout the present work. The rats were 
killed by decapitation and the livers removed im- 
mediately after death and kept in crushed ice until 
fractionation. The differential centrifugation was 
carried out according to the technique of Hogeboom, 
Schneider and Pallade‘, as previously described?. 
The tissue homogenate was prepared by extracting 
the soluble proteins with 1-5 vol. of cold 0-25 M 
sucrose solution in a Potter—Elvehjem glass homo- 
genizer. After the differential centrifugation the 
soluble fraction was separated and 0-05 ml. was 
applied to Whatman No. 3 filter paper strips for 
the electrophoretic separation. We have used an M/15 
phosphate buffer pH 7-4 instead of borate buffer used 
by Adjutantis® since the borate was shown to inhibit 
the xanthine dehydrogenase activity’. The electro- 
phoresis proceeded for 18 hr. using a potential differ- 
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ence of 250 V. which should give a current of 
4-4-5 mA. in our experimental conditions. 

Nitrogen determinations were performed on the 
soluble fraction of rat liver, as previously mentioned?, 
to control the fractionation. The xanthine dehydro- 
genase activity was determined in the paper electro- 
pherograms, as shown for rat serum’, by the reduction 
of the triphenyltetrazolium chloride to formazan, 
according to the method of Villela*. Control blanks 
without substrate were made simultaneously. 

The experiments were performed on ten rats, and 
the results of the nitrogen determinations (1,031 + 
89 ygm. nitrogen per 100 mgm. fresh liver or its 
equivalent) showed the homogeneity of each sample, 
indicating that only proteins of the supernatant were 
present. 

Eleven components were found by paper electro- 
phoresis to be present in the soluble-protein fractions. 
The relative amount of each component was determ- 
ined by planimetry of the areas according to the 
method of Pedersen’. The results, together with the 
relative quantity (percentage) of xanthine dehydro- 
genase activity found for each fraction, are shown in 
Table 1 (mean of ten experiments). 

The distribution of xanthine dehydrogenase activity 
in the protein fractions can be clearly seen in Fig. 1B. 
Three peaks are related to the protein fractions II, 
V and IX, and the values obtained from the calculated 
area are shown in Table 1. 

In Figs. 1A and B the proteins and xanthine 
dehydrogenase activity diagrams of the liver and 
serum are shown for comparison. The protein 
fractions of rat liver and serum containing xanthine 
dehydrogenase activity give the same mobility- 
rate. Since it was also shown that xanthine dehydro- 
genase of rat liver and serum are both strongly 
influenced by carbon tetrachloride in vivo and in 
vitro®»®, these results suggest that the xanthine 
dehydrogenase of liver and serum are probably 
similar. 

This investigation was supported in part by grants 
from the Conselho Nacional de Pesquisas (E. Mitidieri) 
and from the C.A.P.E.S. (L. P. Ribeiro). 

EmiLio MITIDIERI 
OtTit1a R. AFFONSO 
Luiz P. RrBEerRo 
GILBERTO G. VILLELA 

Biochemical Laboratory, 

Instituto Oswaldo Cruz, 

Rio de Janeiro, Brazil. 
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Sodium and Potassium Content of Isolated 
Nuclei 


Ir is well known that the concentration of sodium 
is low and that of potassium high in the intra- 
cellular space of most mammalian tissues. Never- 
theless, an appreciable amount of each has been 
found in preparations of mitochondria isolated by 
differential centrifugation from homogenates of 
various tissues, particularly liver'-* and kidney’. 
The purpose of the present communication is to 
report on the association of sodium with another 
cellular component, the nucleus. 

Nuclei prepared from calf thymus cells in 0-25 M 
sucrose—0-003 M calcium chloride solution*’?, nuclei 
from calf thymus, liver and kidney isolated in non- 
aqueous media® and whole tissues similarly treated 
were kindly provided by Drs. V. G. Allfrey, A. E. 
Mirsky and S. Osawa, to whom we are greatly in- 
debted. The sodium and potassium content of the 
isolated nuclei and whole tissues was determined by 
internal standard flame photometry after digestion 
with nitric acid. 

Thymus nuclei prepared in non-aqueous media con- 
tained 238 pequiv. of sodium and 661 yequiv. potas- 
sium per gm. dry weight. Since the water content of 
the nuclei was 83 per cent, the sodium content was 
calculated to be 40 wequiv. and the potassium content 
112 pequiv. per gm. wet weight. The sodium and 
potassium content of fresh thymus tissue averaged 
38 + 1-5 (s.e.) and 116 + 1-5 (s.e.) wequiv. per gm. 
wet weight, respectively, and corresponded closely to 
the values of 43 wequiv. of sodium and 107 pequiv. 
of potassium per gm. wet weight found for the whole 
ground tissue after treatment with non-aqueous 
media. The similarity of the sodium and potassium 
concentration in the fresh and treated tissue suggests 
that there was no significant loss of sodium and 
potassium from the tissues into the media (petroleum 
ether, cyclohexane and carbon tetrachloride) during 
the non-aqueous procedures used for the nuclei. 

The electrolyte content of nuclei isolated in sucrose 
solution was considerably lower, averaging 15 + 0-8 
(s.e.) wequiv. of sodium and 42 + 2-1 (s.e.) wequiv. 
of potassium per gm. wet weight (42 experiments). 
In Table 1 these data are expressed as wequiv. per 
gm. dry weight. The sodium content of the nuclei 
isolated in sucrose averaged 87 + 4-8 wequiv. per gm. 
dry weight with a range of 40-157 pequiv. per gm, 
dry weight ; the potassium content averaged 244 + 
12-2 wequiv. per gm. dry weight with a range of 
141-481 pequiv. per gm. dry weight. If the values 
obtained for nuclei isolated in non-aqueous media 
represent the natural cation content of the nucleus, 
an average of 62-5 per cent (range 17—73 per cent) 
of the original sodium and potassium is lost from the 
nucleus by the repeated washings with sucrose 
solution during the preparation. 

The sodium and potassium content of liver and 
kidney nuclei isolated in non-aqueous media also 
proved to be approximately the same as that of the 
whole tissue (Table 1). 


Table 1. THE SODIUM AND POTASSIUM CONTENT OF TISSUES AND 
NUCLEI (uEQUIV. PER 1 DRY wage) 
Na 
Isolated in non-aqueous media : 
Calf thymus : ole tissue 257 
Nucleus 


Calf liver: Whole tissue 


ucleus 

Calf kidney : Whole tissue 
Nucleus 

Isolated in sucrose solution : 
Calfthymus: Nucleus 
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It is unlikely that sodium and potassiuin ap, 
uniformly distributed throughout the nucleus anq 
cytoplasm. Whole tissue includes a considerab), 
amount of extracellular fluid containing 140 poquiy, 
of sodium per ml. and only 5 pequiv. of potassium 
per ml. If the extracellular fluid of the thymys 
amounts to 10 per cent by weight, there will be 
32 wequiv. of sodium and 119 pequiv. of potassium 
per gm. of cellular mass. Since the cell nuclei occupy 
61 per cent of the thymus tissue*, the content of 
sodium in the cytoplasm is estimated as 15 wequiv. per 
gm. and the content of potassium in the cytoplasm 
as 139 wequiv. per gm. Thus sodium appears to be 
present in significantly greater amounts in the 
nucleus than in the cytoplasm at large. The sodium 
content of the nuclei may have been over-estimated 
owing to inclusion of connective tissue fragments jn 
the sedimented nuclear fraction. Studies of sodium 
binding by constituents of this fraction are jp 
progress. 

That the sodium and potassium content of the 
nucleus, or at least of its surrounding cytoplasm, 
has general functional significance is attested by the 
finding of Allfrey, Mirsky and Osawa that protein syn. 
thesis in isolated nuclei is strikingly dependent upon 
the presence of sodium ions in the suspending 
medium’®. 

Suinsi Iton* 
Irvine L. Scowartz 


Rockefeller Institute for Medical Research, 
New York. 
May 25. 
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Ultrastructural Organization of Bone 


THE high mechanical stability of bone tissue is 
obtained through. the combination of the inorganic 
component hydroxyapatite with the inelastic fibrous 


protein collagen. Besides serving as supporting 
tissue, bone also plays an important part in the ionic 
homeostasis of the organism. A study of the ultra- 
structural organization of bone should contribute 
to a better understanding at the molecular level 
of these characteristic properties of the osseous 
tissues. 

Through combined electron microscope and X-ray 
diffraction studies at high and low angles!-, the follow- 
ing general picture of the submicroscopic organization 
of bone can be derived. The fibrous matrix of bone, 
that is, collagen, appears capable of orienting the 
hydroxyapatite crystallites in a highly ordered way. 
Thus the rod- or needle-shaped apatite particles are 
attached precisely along the collagen periodicity. 
The X-ray evidence** derived from the profiles of the 
wide-angle lines and the low-angle particle scatter, 
and indicating the presence of rod-shaped apatite 
particles 40-75 A. wide and about 200 A. long, con- 
forms with the results of electron microscope in- 
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Fig. 1. Ultra-thin section of undecalcified hen bone showing orderly 
alignment of the apatite particles on collagen. x 200,000 
Figs. 2 and 3. Cross-sections of individual apatite particles with 
surrounding areas of lower electron density. Taken on Kodak 
High Resolution Plates KP 41394. ™ 750,000 
Longitudinally oriented apatite particles with fine 
structure. x 200,000 


Fig. 4. 


vestigations of ultra-thin sections of bone’. The 
sections of undecalcified bone were produced with a 
Moran ultra-microtome equipped with a diamond 
knife’, and examined at 50 and 100 kV. in an RCA 
EMU 3B electron microscope with compensated 
objective lens consistently giving a resolution of 
about 15 A. The examination of a great number of 
bone sections (human, rat, hen and fish specimens) 
50-200 A. thick disclosed the predominance of rod- 
or needle-shaped apatite particles 30-40 A. wide and 
about 200 A. long (Figs. 1-4). In cross-sections, the 
apatite particles are hexagonal or circular and regu- 
larly arranged in a network (Figs. 2 and 3). The 
particles are surrounded by areas of lower electron 
density, which probably correspond to the dehy- 
drated organic matrix. 

Plate-like structures have been described in 
electron micrographs of bone*®. In the present 
study, thin flakes about 500 A. in diameter were 
seen in some areas. At higher resolutions, however, 
these flakes seem to be aggregates of thin rods or 
particles of the same size as those seen in association 
with the collagen fibres. 

Thus both X-ray diffraction studies and electron 
microscopy point to the existence of rod- or needle- 
shaped apatite particles about 40 A. in diameter and 
200A. long precisely aligned mainly along the 
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periodic structure of collagen fibres. Further details 
will be described elsewhere. 
H. FEeRNANDEZ-MorRAN 
Department of Ultrastructure, 
Istituto Venezolano de Neurologia 
e Investigaciones Cerebrales, 
Caracas. 
A. Encstrém 
Department of Medical Physics, 
Karolinska Institutet, 
Stockholm. July 11. 
1 Ferndndez-Mordn, H., and Engstrém, A., Biochim. Biophys. Acta 
(in the press). 
: Carlstrém, D., Acta Radiol,, Supp. 121 (Stockholm, 1955). 
] hart B., and Engstrém, A., Biochim. Biophys. Acta, 11, 178 
4 nen D., and Finean, J. B., Biochim. Biophys. Acta, 18, 183 
5 Fernandez-Moran, H., Exp. Cell Res., 5, 255 (1953); J. Biophys. 
Biochem. Cytol., 2 (1956). 


* Robinson, R. A., and Watson, M. L., Anat. Rec., 114, 383 (1953) ; 
Trans. Macy Conf. Met. Int., 5, 72 (1953). 


Nitrogen Output and Ecdysis in Crustacea 


Ir has been observed! that nitrogen output in the 
shore crab, Carcinides, is very low prior to moulting, 
but begins to increase over the last few days. An 
indication that it rises sharply after ecdysis has now 
been confirmed in Asellus aquaticus (Fig. 1). Feeding 
individuals were isolated in 2 ml. of water at 
23 + 0-5°C.; the water was renewed daily, and its 
content of ammonia and amino-nitrogen (as in 
Carcinides the predominant nitrogen-compounds 
excreted) was estimated by a micro-adaptation of 
the Sorensen method. Estimates were monitored by 
the use of Russell’s phenate-hypochlorite method’. 

As in Carcinides, ammonia output is relatively low 
5-6 days before ecdysis and shows a similar incipient 
vise up to the time of moulting (Fig. 1). After ecdysis 
it rises sharply and considerably and then declines 
more gradually to approach the initial minimal value 
in 10-15 days, that is, about 5-6 days before the next 
moult in this animal. The decline shows a minor 
oscillation reminiscent of those superimposed on the 
general decline in nitrogen output (following an initial 
peak) after amputation of limbs*. 

The exoskeleton is cast in two portions, often in 
succeeding 24-hr. periods. In Fig. 1 the mean record 
for such individuals (B) has been separated from that 
for animals (A), which cast both halves in the same 
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24-hr. period (arrows mark times of ’ 
casting). In both groups mean nitrogen 
output was maximal during the 24 hr. 
in which the second half was cast; it g 
was not equal in the two 24-hr. periods 
occupied by ecdysis in B. Moreover, 
in some individuals of A output was 
maximal during the second day after the 6 
onset of ecdysis, so that it is not due 
merely to products of the exuvia, moult- 
ing fluid, etc., but is a component of ‘ 
metabolism, culminating soon after the 
completion of ecdysis. The following 
minor oscillation in output continued to 
show the difference in periodicity, of 2 
about one day, between the two groups. 

The more protracted ecdysis in B may 
be related to the generally low nitro- 
gen output of that group. The eye-stalk 0 
hormones of decapods suppress moult- 
ing except in the later stages of the inter- 
moult‘, and they prevent excessive nitro- 
gen loss from the tissues®, and from the 
body*. The low nitrogen output in B, 
therefore, may indicate relatively high activity of a 
moult-inhibiting hormone. 

The period of low nitrogen output in the middle 
of the intermoult corresponds to that, also hormonally 
controlled, of maximal cell-proliferation in the cock- 
roach®, and other arthropods. As in regeneration’, 
nitrogen excretion is low when cell-proliferation is 
most rapid. Amputation of limbs before this critical 
time can ‘put back the clock’ of the moult-cycle to 
synchronize with that of the regeneration-cycle® ; 
there appears to be considerable similarity in meta- 
bolism between the two cycles. 
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A. E. NEEDHAM 
Dept. of Zoology and Comparative Anatomy, 
University Museum, 
Oxford. 
March 29. 

1 Needham, A. E., Physiol. Comp. et Occol. (in the press). 

* Russell, J. A., J. Biol. Chem., 156, 457 (1944). 

* Needham, A. E., J. Embryol. Exp. Morph., 3, 189 (1955). 

‘ On tee and Dohrn, P. F. R., Publ. Staz. Zool. Napoli, 24, 69, 


. meee A., and Scheer, B. T., Physiol. Comp. et Ocecol., 3, 321 
(1953). 


* O'Farrell, A. F., and Stock, A., Austral. J. Biol. Sci., 6, 485; 7, 
302, 525 (1953-54). 

7 Needham, A. E., “Regeneration and Wound-Healing” (Methuen, 

London, 1952). 


Relative Growth of Organs and Tissues 
in Mammals 


In the study of relative growth of organs and 
tissues, there are certain advantages in referring the 
relative weights to age, throughout the life-cycle. 
When results are expressed according to the allometric 
formula!-*, y = bx* (x = weight of animal, y = weight 
of organ, 6 and « =constants), time as an independent 
variable tends to be eliminated. When, however, the 
relative weights are expressed in relation to age or 
its logarithm, they are found to show maximal 
values at definite periods of the life-cycle, specific for 
and characteristic of each organ‘. The curves of the 
relative weights, as functions of the logarithm of age, 
tend to follow one of the types in Fig. 1. Thus, in 
the rabbit, that of the brain follows, from the nine- 
teenth day of embryonic life until adult age, curve 1 
of Fig. 1. that of the liver and of the lungs, curve 2, 
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with maximal values respectively at the twenty- 
fourth and at the twenty-seventh day of embry onic 
life; that of the kidneys, curve 3, with a maximum 
between the second and fourth weeks after birth: 
that of the stomach, curve 4, with a maximum 
between the fifth and tenth weeks; that of the 
muscles, curve 5, with a maximum after puberty ; 
and that of the perirenal adipose tissue seems to 
follow curve 6 with maximal values only late in the 
adult age. The same sequence of organs, ranged 
according to periods of maximal relative weights, is 
likely to be found in other mammals, as is seen 
from observations of C. M. Jackson® on human 
brain, liver, lungs and kidneys the relative weights 
of which are maximal in the second, at the end of 
the third, in the fourth and between the seventh 
and eighth months respectively. 

Yet, the growth curves of absolute weights of these 
organs are sigmoid, asymmetric and quite super- 
posable with the growth-curve of the whole body. 
The existence of maximal values for relative weights 
seems to be due to the differences in growth-rates 
of the tissues: organs the absolute weights of which 
approach most rapidly the limiting weight of adult 
age have maximal relative weights in early embryonic 
stages, in opposition to the tissues the absolute weights 
of which approach slowly the limiting weight and 
the relative weight of which is maximal late in adult 
age®. When employing the allometric formula, which 
does not take account of age, positive allometry’* 
may be observed for increasing relative weights, 
isometry for their maximal values and negative 
allometry for their decreasing values’. 

Differences in growth-rates of these organs can be 
related to the evolution of their chemical composition. 
Thus the amount of lipoid phosphorus for 100 gm. 
of fresh tissue, which increases regularly and con- 
tinuously during embryonic and post-embryonic life 
until adult age, attains values of 250-270 mgm. per 
cent in the brain, 150-170 mgm. per cent in the liver. 
120-130 mgm. per cent in the lungs, 100-110 mgm. 
per cent in the kidneys, 60-70 mgm. per cent in the 
stomach, 29-32 mgm. per cent in muscle and 
5-7 mgm. per cent in the perirenal adipose tissue’. 
The same sequence is observed with the amounts of 
free cholesterol for 100 gm. of these organs®, with 
the amounts of proteins and some other constituents. 





























































nam 
donc 
rats 
tum 
























ae | 


1,000 
nility 


Bee 


nty- 
onie 
num 
rth; 
num 
the 
ty ; 
; to 
the 
ized 
3, is 
een 
nan 
rhts 
1 of 
nth 





September 1, 1956 


No. 4531 


Thus the sequence of organs is the same, when con- 
sidering differences of their growth-rates, or differ- 
ences of accumulation-rates of their lipoid phos- 
phorus, of free cholesterol and of other constituents. 


JOSEF HRACHOVEC 
Laboratoire de Physiologie 
de la Faculté de Médecine, 
Paris. 
‘Huxley, J. 8., “Problems of Relative Growth” (Methuen, London, 
1932). 


: Huxley, J. S., Proc. Roy. Soc., B, 187, 465 (1950). 

'Teissicr, G., Ann. Physiol. Physicochim. Biol., 10, 359 (1934). 

‘Hrachovec, J., C.R. Acad. Sci., Paris, 242, 171 (1956). 

Amer. J. Anat., 9, 119 (1909). 

‘Hrachovee, J., C.R. Acad. Sci., Paris, 242, 299 (1956). 

east a 8., Needham, J., and Lerner, J. M., Nature, 148, 225 
(1941). 

*Needham, J., and Lerner, J. M., Nature, 146, 618 (1940). 

*C.R. Acad. Sei., Paris, 242, 1071 (1956). 


Passive Transfer of a Tumour-resistant 
Agent by Serum Injections 


THE question of passive transfer of tumour resist- 
ance (or immunity) appears still open**. 

We are working with Walker 256 rat carcinoma, 
subcutaneously transplanted to commercially avail- 
able susceptible Wistar albino rats. Among hybrid 
rats (black or hooded) bred in our laboratory there 
are individuals capable of acquiring a high-grade 
resistance (immunity) to this tumour, that is, take 
at the first implantation and regression after some 
growth, then failure of growth at further implanta- 
tions. In a previous experiment‘, we found that 
rats resistant to Walker carcinoma manifest also a 
significant delay in growth of 3,4-benzpyrene-induced 
sarcomas, as compared with the Wistar rats. We are 
breeding a black strain derived from these hybrids by 
brother-sister mating ; every one of the eight sibs in 
the eighth inbred generation was found resistant to 
Walker 256 tumour. 

In two experiments we injected pooled serum 
taken from resistant donors of hybrid origin after 
regression followed by repeated unsuccessful im- 
plantation in them of the tumour used, to Wistar 
rats implanted with the same tumour. 

In the first experiment, summarized in Table 1, 
21 Wistar females were implanted simultaneously 
with the Walker carcinoma and given from the same 
day either 1 ml. intraperitoneal daily of immune 
serum from resistant donors, or an equal dose of 
normal Wistar serum, or left untreated. After 12 
days from the implantation the tumours were 
removed and weighed. 

In the second experiment (Table 2) 40 Wistar 
males were used; one more control was inserted, 
namely, rats injected with normal pooled serum of 
donors from the tenth inbred generation of resistant 
rats not immunized by prior implantation of the 
tumour. The growth of the tumours was measured 











Table 1 
boss 
No. of | No. of | Mean weight Range of 
Treatment rats takes | of tumours weights 
(gm.) 
| Immune resistant 
} _ serum 7 0-40-11 -50 
Normal Wistar 
_ serum 7 6 8-6 0-40-17 -60 
Untreated 7 6 9-3 5 50-14-20 
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Table 2 
Mean area | Range of 
Treatment | No. of | No. of | No. of re- | of tumours} tumour 
rats takes | gressions (mm.*) area 
Immune 
resistant 10 4 2 360 25-945 
serum 
Normal 
resistant 10 7 - 1,725 25-5,095 
serum 
Normal 
Wistar 10 9 2 1,310 150-3,895 
serum 
Untreated 10 8 ~ 1,220 75-3,005 | 
{ 























by calipers on two diameters and is represented in 
mm.* at the twenty-fourth day after implantation. 

Both experiments are in full agreement in tumour- 
growth retardation after injections of immunized 
serum of resistant rats. There are some differences 
in the number of takes and some regressions in the 
respective groups, owing probably to the sex difference 
of both groups (the tumour is @ mammary adeno- 
carcinoma which arose in a female ; some hormonal 
antitumour factors may co-operate). 

The quantitative evaluation of the supposed anti- 
tumour agent passively transferred by serum in- 
jections, as well as several other implications, are 
subject to further experiments (for example, in con- 
trols injected with non-immune sera there is @ sug- 
gestion of either inhibitive or stimulative non-specific 
influence). 

The reason for this successful transfer of a tumour- 
immunity agent by serum injections—in contrast 
with other reports—-is seen in the contraposition of 
two homologous but heterogenetic strains, one of 
which is capable of developing an exceptionally high 
degree of specific antibody formation. The non- 
specific, anti-Wistar immunization (a Wistar tumour 
was implanted to non-Wistar strain of rats) seems 
negligible, as the total body-weight curves of all 
groups in the second experiment are nearly parallel. 

B. SEKLA 
M. Barvié 
Biological Institute, 
Medical Faculty, 
Charles University, 
Prague. 
' Falls, N. G., Canc. Res., 18, 741 (1953). 
. Me) N. A., Nature, 171, 267 (1953); J. Exp. Med., 102, 157 


3 — D. T., Syverton, J. T., and "Bittner, J. J., Canc. Res.,14,1,8 
( 4). 

‘Sekla, B., Bednaf, B., and Holetkové, E., Universitas Carolina 
Medica, Supp. 1 (1955). 


Fluorescent, Benthic, Pacific Coast 
Coelenterates 


ORANGE fluorescing pigments have been studied 
extensively in red algae’»*, where the fluorescence 
becomes apparent in the moribund plant; but such 
pigments would appear to be rare in the animal 
kingdom (see Kliiver*® for evidence of a red-fluorescing 
pigment in mammals). At depths greater than 10 m. 
where sunlight becomes deficient in the longer orange 
and red wave-lengths, divers have sometimes observed 
brilliantly luminous orange and red animals. Marden‘ 
noted the phenomenon while photographing a large 
unidentified anemone in the Red Sea at 20 m., and 
suggested the animal might have a fluorescent pig- 
ment. Our investigations show that certain animals 
do indeed possess the ability to fluoresce. 
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During many hours of diving in Californian and 
Mexican waters, we have found three fluorescent 
forms, all coelenterates belonging to the sub-class 
Zoantharia : Corynactis californicus, order Actinaria ; 
Balanophyllia elegans, order Madreporaria ; Cerian- 
thus sp., order Ceriantharia. The anemone observed 
by Marden in the Red Sea was an actinarian. 
Corynactis is an aggregating form, while the others 
are solitary. Only occasional specimens of Cerianthus 
and Balanophyliia fluoresce ; but entire small colonies 
of Corynactis (presumably derived asexually from the 
same individual) may possess the ability, although 
nearby colonies may fail in this respect. The situation 
seems reminiscent of pigmentation in the anemone 
Metridium, studied by Fox and Pantin®, where colour 
can vary widely from specimen to specimen, yet 
exhibit constancy in a given individual and is 
presumably under genetic control. Environment 
might influence fluorescence, however, if a dietary 
pigment precursor is needed. It is not known if the 
intensity of fluorescence under natural conditions 
changes during the life of an individual; but the 
amount of fluorescent coloration in specimens of 
Balanophyllia and Corynactis kept for two months 
in our aquarium has not changed appreciably. 

Whole specimens of Balanophyllia and Corynactis, 
as well as comminuted tissues, were subjected to 
various physical and chemical tests. Most of the 
specimens used exhibited a striking orange or red 
coloration at the time of collection from depths of 
20 m. or more. Fresh tissues examined microscopic- 
ally (x 500) gave no sign of symbiotic algae. Animals 
exhibited no luminescence when observed in a dark- 
room. When exposed, however, to well-filtered 
ultra-violet, violet, blue or green light, the luminous 
colour observed at the time of collection reappeared. 
Orange and red light did not excite the fluorescence. 
The two species, as well as individuals of the same 
species, differed somewhat in the colours of emitted 
light ; but this could perhaps be caused by varia- 
tions in concentration of other non-fluorescent body 
pigments, as well as by differences in the fluorescent 
pigments themselves. The intensity of emitted light 
varied directly with the intensity of the exciting light. 
Specimens that did not exhibit colour on the ocean 
floor did not fluoresce in the laboratory. 

Whole or comminuted animals did not yield any 
orange fluorescent pigment to either acetone or 
ethanol. Intact specimens of Corynactis kept under 
acetone for two months have retained their fluores- 
cence apparently undiminished, although they 
yielded considerable amounts of an orange-coloured 
pigment, probably carotenoid in nature. Boiling 
water irreversibly quenches the fluorescence in whole 
animals after one or two minutes, leaving a dull 
orangish specimen in the test tubes. The pigment, 
therefore, is apparently heat-labile, but is distin- 
guished from the algal fluorescent pigment, phyco- 
erythrin, by the stability of the fluorescence to 
acetone. 

Further work is in progress in an attempt to isolate 
and characterize the fluorescent pigments, to de- 
termine their emission spectra, and to study their 
distribution in the animal kingdom. 

This work was carried out during the tenure by 
one of us (W.J.N.) of a post-doctoral fellowship in 
marine biology. Grateful acknowledgment is made 
to Prof. Denis L. Fox, Prof. Carl L. Hubbs, Dr. 
Francis T. Haxo, and to Messrs. J. Stewart, H. 
Seotten and R. Ghelardi for advice and assistance. 
We are indebted to the Division of Marine Botany 
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for the loan of equipment to produce monochru matic 
light. 
C. Limpaucu 
W. J. Norra 
Scripps Institution of Oceanography, 
University of California, 
La Jolla, California. 


*Lemburg, R., and Legge, J. W., ““Hematin Compounds and Bile 
Pigments” (Interscience, 1949). 

? O’hEocha, C., Ph.D. thesis, University of California, 1955 

* Kliiver, H., Science, 99, 482 (1944). 

* Marden, L., Nat. Geog. Mag., 109, 162 (1956). 

* Fox, D. L., and Pantin, C. F. A., Phil. Trans. Roy. Soc., B, 230, 415 
(1941). 


Effect of Age of Cotton Seedlings on their 
Susceptibility to Rhizoctonia Damping-off 


DAMPING-OFF fungi are known to destroy seedling 
plants during the first four—six weeks after germina. 
tion. Tint’, in his studies on Fusarium damping-off 
of conifers, reported a direct correlation between 
resistance to invasion and increasing age of host. 
Matus? found that cotton plants were invaded by 
Corticium vagum throughout the growing period, 
although susceptibility appeared to decline as the 
plant grew older. Linnasalmi*® also reported that 
attack by Rhizoctonia solani on cabbage, cucumber 
and tomato was most severe at the pre-emergence 
phase. Koba*‘ stated that cotton seedlings proved 
very susceptible to damping-off caused by Fusarium 
spp. at the eight- to fifteen-day old stage when stored 
food is exhausted and photosynthesis is low. 

The present experiment was planned to study the 
effect of age of seedlings of two varieties of Egyptian 
cotton, namely, Ashmouny and Giza 30, on their 
susceptibility to attack by Rhizoctonia solani, the 
cause of damping-off of cotton in Egypt. 

The experiment was carried out at three tempera- 
ture-levels, namely, 9°-18°, 15°-28° and 19°34° C. 
Cotton seedlings were raised in sterile soil at a 
moisture-level of 60 per cent water-holding capacity. 
As soon as they appeared above the soil-level, twenty 
seedlings of each variety were exposed daily to the 
fungus over a period of four weeks. Inoculation was 
carried out by inserting disks from two-day old agar 
cultures of Rhizoctonia solani on the hypocotyls of 
the seedlings just above soil surface. Controls with 
disks of agar free from the fungus were kept under 
the same conditions. Seedlings, in each case, were 
kept under observation for a period of four weeks 
from exposure to the fungus and the number of 
damped-off seedlings recorded. A representative set 
of results is presented graphically in Fig. 1. Seedlings 
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inoculated with disks of agar free from the fungus 
remained healthy throughout the whole experimental 
period. 

The experiments showed that young seedlings of the 
two cotton varieties are very susceptible to attack 
by Rhizoctonia solani, and susceptibility decreases 
significantly with increased age of seedlings until they 
are completely resistant after about 19 days from 
emergence when raised at 19°-34°C., 12-15 days at 
15°-28° C., and 19-22 days when raised at 9°-18° C. 
The decreased susceptibility with increased age is 
in full agreement with the previous findings of other 
investigators ; but the fact that cotton seedlings 
became completely resistant to Rhizoctonia attack 
after a certain period of time, governed by the range 
of temperature prevailing during germination and 
emergence, is contradictory to the results of 
Matus?, who claims that cotton plants are invaded 
by Corticium vagum throughout the growing period. 

Seedlings of Giza 30 variety tend to remain sus- 
ceptible to the fungus for somewhat longer periods 
than those of the Ashmouny variety, especially when 
raised at the lower temperature. 

M. K. Tosa 
A. H. MOUBASHER 

Botany Department, 

Faculty of Science, 

University of Cairo. 

May 5. 
‘Tint, Phytopath., 35, 440 (1945). 
‘Matus, T., Ann. Phylopath. Soc. Japan, 13, 3 (1949). 
*Linnasalmi, A., Ann. Bot, Soc. Vanamo, 26, 1 (1952). 
‘Koba, 8., Ann. Phytopath. Soc. Japan, 18, 1 (1953). 


A Chromosome Number New to Linum 


THE genus Linum comprises some ninety species 
of which, apart from the garden cultivated plants 
(L. grandiflorum), L. usitatissimum is of economic 
importance. Chromosome numbers have been 
reported in the literature’~* for thirty of these species, 
the range of somatic chromosome numbers being 
16, 18, 20, 28, 30, 32, 36, about 57 and about 86. 

L. mysorense Heyne is a wild species distributed in 
the mountainous regions of India and Ceylon at 
altitudes between 3,000 and 6,000 ft. Material of 
this species collected from the Western Himalayas 
and the Western Ghats in India was found by us to 
possess 2n = 60 chromosomes, a number hitherto not 
reported for any naturally occurring species of Linum. 
During microsporogenesis, 30 bivalents were invari- 
ably noticed. The pollen was fully fertile and seed- 
setting abundant. 

The high chromosome number and the regular 
bivalent formation observed during meiosis would 
suggest that L. mysorense is a polyploid functioning 
like a diploid. In view of this, the diminutive form 
exhibited by the species has perhaps an adaptive 
significance. The plants are dwarf, being 8-40 cm. 
tall, and bear small yellow flowers, about 6 mm. in 
diameter. The pollen grains measure 60-16 + 0-56u 
in diameter and are significantly smaller than those of 
L. usitatissimum (67-50 + 0-40u), having 2n = 30 
chromosomes. The seeds also are very small—0-8 mm. 
long and 0-5 mm. broad, the range of corresponding 
measurements in respect of L. usitatissimum being 
2-0-4-0 mm. and 1-2-1-8 mm. In peels of the lower 
and the upper epidermis of fully developed leaves, 
the stomatal length in the case of L. mysorense 
(32-34) was. significantly greater than that in L. 
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usitatissimum (26-6); the width of the stomata 
was about the same (16-6u) in the two species. 

We are grateful to Mr. V. C. Lele, of Simla, and 
Mr. V. D. Variak, of Poona, for the seeds of L. 
mysorense. 

A. B. Josut 
M. W. Harpas 
Division of Botany, 
Indian Agricultural Research Institute, 
New Delhi. 
April 26. 
1 Darlington, C. D., and Janaki Ammal, E. K., “Chromosome Atlas 
of Cultivated Plants” (Allen and Unwin, London, 1945). 
* Rajan, S. S., Ind. J. Genet. Plant Breed., 12, 93 (1952). 
* Tischler, G., “Die Chromosomenzahlen der Gefisspflanzen Mittel- 
europas” (Junk, ’S-Gravenhage, 1950). 


Chemical and Biological Determination of 
Copper in Soil 


SEVERAL methods, chemical as weli as biological, 
have been suggested for the determination of copper 
available to plants in soil. Steenbjerg’s'! method has 
been used here since 1940, and consists in the ex- 
traction of copper from soil with dilute hydrochloric 
acid of such concentration as to result in pH 2-00 
of the soil suspension after shaking for one hour. 
This method has in this laboratory during the past 
three years been compared with bioassays of copper 
by means of Aspergillus niger according to Mulder?. 
Both methods are somewhat laborious and do not 
yield readily reproducible results, inter alia, because 
the time of sampling and the length of sample storage 
influence the results of at least the chemical method. 

Investigations have been conducted in order to 
devise a simpler and more reliable method, and 
disodium-ethylenediaminetetra-aceiate has been tried 
as an extracting agent, as suggested by Cheng 
and Bray*. The theoretical background for the 
extraction of heavy metals from soil by means of 
ethylenediaminetetra-acetic acid was recently dis- 
cussed by Viro‘. 

Preliminary tests were made in order to define 
the conditions of extraction, etc., and a two-hour 
extraction with a 0-02-M_ ethylenediaminetetra- 
acetate solution at its natural pH (4-5) was adopted ; 
this results in a state of approximate equilibrium, at 
least in the case of soils containing less than 2 p.p.m. 
copper according to the method in question. Copper 
in the soil extract was determined colorimetrically as 
the diethyldithiocarbamate complex in the presence 
of an ammonium citrate solution of pH 9-0, which 
eliminates the interference due to other metals and 
prevents precipitation of iron. 

The analytical procedure is as follows: 10 gm. of 
air-dry soil is shaken for one hour with 100 ml. 0-02 M 
ethylenediaminetetra-acetic acid solution. The sus- 
pension is filtered after standing for another hour, 
and an aliquot of the filtrate, with not more than 
50 ugm. copper, is transferred to a 150-ml. separation 
funnel ; 50 ml. is usually convenient. Approximately 
10 ml. of 1 M ammonium citrate solution is added, 
and after thorough shaking a further 1 ml. 1 per cent 
solution of sodium diethyldithiocarbamate and 15 ml. 
carbon tetrachloride. After repeated thorough shaking 
for two minutes and standing until complete separa- 
tion of the aqueous and the carbon tetrachloride 
phase, the latter is run through a filter into a small 
measuring flask or directly into the photometric 
absorption cell. The colour intensity is measured on 
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Table 1 

| Copper, Copper, p.p.m. means 
p.p.m. No. of 8.D. bio- | 

by EDTA- | samples | HCl ex- | EDTA ex- Bio- assay 

| extraction traction; traction assay 

| 0-0°5 17 0-17 0-41 0-94 + 0-557 | 
0-6-1-0 88 0-21 0-83 1°15 + 0-405 
1-1-1°5 64 0-25 1-29 1-31 + 0-368 
1-6-2-0 34 0-29 1:76 1-59 + 0-409 | 
2-1-2°5 23 0°37 2°30 1-61 + 0-460 
2-6-3-0 9 0°33 2-82 1-66 + 0-472 

| “>30 54 1-30 6-99 (>2-50) | ~- * 

Means, 238 samples: | 0-26 1-29 1-31 




















* This group was omitted from the calculation of means, because 
the biological method only permits the determination of 2-5 p.p.m. 
copper and less. 


a Beckman spectrophotometer (model DU) at 440 mu 
and with a 10-mm. absorption cell. 

A number of soil samples from untreated control 
plots in field experiments with copper fertilizers 
conducted in 1955 were analysed in this way. The 
copper contents varied between 0-2 and 33-5 p.p.m., 
with an average of 2-3 p.p.m. in 292 samples. Table 1 
shows @ comparison between the results for the 
chemical and the biological method. 

Extraction with ethylenediaminetetra-acetate in 
its present form removed on the average the same 
amount of copper from the soil as did the growth of 
A. niger, and five times as much as the hydrochloric 
acid extraction. The agreement between the ethylene- 
diaminetetra-acetate extraction and the bioassay is 
best in the copper range of 1-0—-1-5 p.p.m., probably 
because the visual estimation of the spore colour in 
the biological method is most reliable at this level. 
Fifty ethylenediaminetetra-acetate extracts from soils 
of varying type showed pH values between 4-27 and 
4-58 (average 4-43), which is about the same pH level 
as found in the nutrient solution after growth of 
A. niger in the bioassay. This, together with the fact 
that copper ions are in both cases continuously re- 
moved from the soil/liquid system, may explain why 
these two essentially different methods show the 
same ability to extract copper from the soil. 

The work is being continued, and a more detailed 
account of the method and its applicability to the 
diagnosis of copper deficiency in soil will be published 
elsewhere. 

AAGE HENRIKSEN 
Department of Soil Chemistry, 

State Laboratory for Soil and Crop Research, 

Vejle, Denmark. 

July 6. 

1 Steenbjerg, F., and Boken, E., Plant and Soil, 2, 195 (1950). 
* Mulder, E. G., Arch. Mikrobiol., 9, 72 (1939). 
*Cheng, K. L., and Bray, R. H., Anal. Chem., 25, 655 (1953) 
‘Viro, P. J., Soil Sci., 79, 459 (1955). 


Humus Decomposition in East African 
Soils 

THE macro-respirometer described by Swaby and 
Passeyt has been considerably modified while still 
retaining its chief advantages. The modified apparatus 
(Fig. 1) is relatively cheap, easy to make and sensit- 
ively reflects the magnitude of organic matter de- 
composition over any desired period. The respiro- 
meter vessel is an 8-oz. sample bottle in which the 
soil (usually 50 gm.) is placed. A small container 
with about 10 ml. of 2M sodium hydroxide absorbs 
the evolved carbon dioxide. The unit is immersed 


in a thermostatically controlled bath 24in. x 12in. x 
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Fig. 2 


15 in. deep which holds fourteen such units. ‘The 
hydrogen evolved at the cathode is collected in a 
100-ml. burette. The electrodes consist of platinum 
strips, and the anode was easily prepared by insert- 
ing the platinum through a small slit in a 2-in. 
length of polythene tubing (Fig. 2) about 5 mm. in 
diameter. This was then joined to the end of the 
glass tubing (of slightly smaller diameter) leading 
from the respirometer, using Chatterton’s compound. 
The platinum outside the polythene tubing was 
bound to the side with fine wire, leaving some for 
the terminal, and also sealed with Chatterton’s com- 
pound. The electrodes were joined to a 6- or 12-V. 
accumulator. 

As oxygen is consumed by the soil micro-organisms 
carbon dioxide is produced which is absorbed by the 
sodium hydroxide. This lowers the pressure in the 
respiration bottle so that sulphuric acid rises in the 
side-arm, makes contact with the anode and gererates 
oxygen. This diffuses back into the bottle until 
atmospheric pressure is restored, after which contact 
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between the sulphuric acid and the anode is broken. 
This is restored when further oxygen is consumed. 
The volume of hydrogen simultaneously generated at 
the cathode is equal to twice the volume of oxygen 
consumed, Oxygen consumption and carbon dioxide 
output are usually about equal; but any unbalance 
is ré adily shown by respiratory quotient determina- 
tions. 

With the soil samples so far tested in this apparatus 
organic matter decomposition followed a first-order 
reaction, that is, the rate of decomposition decreased 
with time and was proportional to the amount of 
decomposable material present. The decrease was 
shown not to be due to fall in pH, the accumulation 
of toxic products or the adverse effect of the respiro- 
meter environment on microbial activity. 

Among the results so far obtained the following 
are of particular interest. When a soil was air-dried 
and rewetted an appreciable flush of decomposition 
resulted. Further successive dryings and rewettings 
produced effects similar in magnitude, rate of de- 
composition, and kind of organic material decom- 
posed. The effect lasted for about five days. Oven- 
drying had @ similar effect but of greater magnitude. 
The drying effect was shown not to be related to 
microbial stimulation, destruction of toxic com- 
pounds, the release of nitrogen, phosphorus and 
potassium or microbial death with subsequent decom- 
position of the remains. All the evidence available 
indicates that the drying effect is one of liberation 
from the clay of rapidly decomposable material 
which, under steady moist conditions, is protected 
by the clay from microbial attack. The magnitude 
of the effect is related to the degree of drying (in- 
fluencing both the amount of material liberated and 
the rate at which it is re-absorbed and reprotected 
from microbial attack on rewetting), the kind and 
amount of clay and the amount of organic material 
associated with it. More exact relationships have yet 
to be worked out. A single air drying of a forest soil 
(5-4 per cent carbon) liberated rapidly decomposable 
organic material equivalent to 0-011 gm. carbon per 
100 gm, soil (or 220 lb./acre-6 in. assuming this 
weighs 2 x 10° lb.). Replacement of this material, 
assuming it to be of a humic nature, would involve 
the decomposition of about 1,700 lb. of dry plant 
material on the basis that this contains 50 per cent 
carbon and loses 75 per cent of the carbon as carbcn 
dioxide during decomposition to humus. 

Similar behaviour was observed with sand—pure 
clay mixtures to which gelatine was added. Not only 
did montmorillonite have a much greater protective 
effect on gelatine decomposition than kaolinite, but 
also the protected gelatine could afterwards be 
partly released on successive drying and rewetting, 
thus paralleling the behaviour of the soil. With 
kaolinite the drying effect was much less marked. 
No doubt clays intermediate between these two 
extreme types would show intermediate effects. 

It further appears that the organic material 
liberated on drying may also be liberated through 
displacement by other organic compounds. Thus, 
when gelatine was added to two moist soils, slowly 
respiring, the respiratory quotient (1-29) for the 
active decomposition period following the addition 
was almost identical with that following oven-drying 
and rewetting and considerably above the theoretical 
value (0-8) which was obtained during gelatine decom- 
position in sand—pure clay mixtures. Presumably a 
rapid exchange took place between the gelatine and 
the protected organic material, some of the former 
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then being protected and the latter exposed to micro- 
bial attack. 

These results indicate that part, at least, of the 
humus fraction under moist conditions is protected 
from, but not inert to, microbial attack. When it is 
released either by drying or displacement, it is 
rapidly decomposed. Further, since decomposition 
generally parallels ammonia accumulation there 
should be a quick release, through mineralization, of 
nitrate and other nutrients. Such behaviour has an 
obvious bearing on (a) the seasonal pattern of 
humus decomposition, (b) the nitrate flush which, 
as reported by Griffith’, occurs at the start of the 
rains and is related to the degree of soil drying, and 
(c) the beneficial effects, so often reported, of burning. 
It is also possible that the so-called priming action 
of fresh organic matter on the breakdown of soil 
humus, generally ascribed to increased microbial 
activity, is in fact a displacement effect caused by 
an exchange between the organic matter decomposi- 
tion products and those already associated with, and 
protected by, the clay. 

There are several references in the literature both 
to the protective effect of soils and clays against the 
decomposition of organic compounds, and to the effect 
of drying on increasing soil fertility. The evidence 
described above, for the liberation of the protected 
material on drying, provides a link between these 
two observations. It also indicates a possible use for 
the respirometer in soil fertility studies. 


H. F. Brrcw 
M. T. FrRrenp 


East African Agriculture and Forestry 
Research Organization, 
P.O. Box 21, 
Kikuyu, Kenya. 
April 19. 
* Swaby, R. J., and Passey, I. B., Aust. J. Agric. Res., 4, 334 (1953). 
* Griffith, ap G., Emp. J. Exp. Agric., 19, 1 (1951). 


Transmission of Beet Mosaic Virus from 
Stellaria media and Capsella bursa-pastoris 
by Myzus ascalonicus Doncaster 


Durine the winter of 1955-56, Myzus ascalonicus 
Doncaster was observed hibernating on chickweed 
(Stellaria media) in the field at Gembloux, next to a 
place where fodder beet had been cultivated in 1955 
and harvested in October of the same year. With 
the view of testing if any of the aphids were bearers 
of beet viruses, adults and larve of the spring 
generation were put on fodder beet seedlings var. 
‘Jaune de Vauriac’ for 48 hr. (5-10 aphids a plant), 
between April 5 and May 2, 1956. After 20-30 
days, three of the eighteen tested beets showed 
chlorotic and yellow translucid circular or irregular 
little spots on the young leaves. The symptoms were 
attenuated on the older leaves; these last became 
narrow and showed interveinal yellowing. The 
plants were stunted. Later, one of the infected beets 
showed a regular vein yellowing on the young leaves. 

The sap of one of the infected beets, mixed with 
‘Carborundum’, was inoculated to healthy ‘Jaune de 
Vauriac’; a general mosaic appeared on the young 
leaves of the five test plants within seven days, 
suggesting that the virus transmitted was Beta 
virus 2.. Using the same source, @ transmission was 
made to beet seedlings by Myzus persicae Sulzer 
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(1-2 min. on the source after 2 hr. fasting, 24 hr. 
on test plants, 10 aphids a plant). Mosaic was 
obtained on young leaves within 10-20 days. 

The virus was transmitted from infected beet to 
chickweed seedlings in the same conditions by Myzus 
persicae. It was then re-transmitted from supposed 
infected Stellaria to beet seedlings by Myzus ascalon- 
icus Doncaster (1—2 min. on the source, after 2 hr. 
fasting; ten aphids a plant; 24 hr. on beet). Two 
of the five tested plants showed mosaic on young 
leaves after 15-20 days. 

According to preliminary results, beet mosaic is 
also transmissible from infected Capsella bursa- 
pastoris to beet by Myzus ascalonicus. 

Using beet as a source, Myzus ascalonicus was not 
considered previously as a vector of beet mosaic 
virus!. The results of our trials show that this aphid 
is able to transmit the virus from infected Stellaria 
media growing in the field, and from artificially 
infected Stellaria and Capsella bursa-pastoris. So far 
as we know, these two weeds seem to be new hosts 
of the virus. 

Myzus ascalonicus is known from the literature as 
a vector of beet yellows (Beta virus 4 Roland and 
Quanjer), and Stellaria media as a host of this virus. 
Although the transmission of beet yellows from chick- 
weed in the field by Myzus ascalonicus has not yet 
been found with certainty in our trials, the first 
results indicate that it is most probable. 

I should like to thank Dr. Roland, director of the 
Phytovirology Leborasory, for advice and criticism 
during this work. 

This work was subsidized by the Institute for 
Scientific Research in Industry and Agriculture. 

J. SEMAL 

Phytovirology Laboratory, 

Gembloux, Belgium. 


? Doncaster and Kassanis, Ann. App. Biol., 33, 66 (1946). 


Effect of Herbicide 2,4-D on Bean 
Chocolate-Spot Disease 


Tue herbicide 2,4-D (2,4 dichlorophenoxyacetic 
acid) has been recorded to affect fungal-host relation- 
ship. Ibrahim! demonstrated a reduction in the 
number of rust uredosori to one-fifth on treated oat 
plants compared with controls. Similarly, Crowdy 
and Wain? recorded a suppression in bean chocolate- 
spot disease treated with 2,4,6 trichlorophenoxyacetic 
acid. On the other hand, wheat plants treated with 
2,4-D were found to be weakened, stunted and pre- 
disposed to a heavier infection with Helminthosporium 
sativum*®. 2,4-D has been recorded to cause a de- 
pletion in the carbohydrate content of treated 
plants*»>; Weller and co-workers* observed a de- 
pletion of non-reducing sugars. 

The present work aims ai an evaluation of the 
possible role of 2,4-D in influencing the relationship 
between bean plants (Vicia faba L., Breed No. 34) 
and Botrytis fabae and the interpretation of such an 
effect in terms of: (a) pathological anatomy of 
infected treated and untreated plants; (b) fungal 
enzymic activity as influenced by host metabolism 
in absence or presence of 2,4-D ; (c) host biochemical 
changes, in response to 2,4-D treatment, and their 
possible bearing on fungal development. 

Leaflets of bean cut shoots, previously dipped for 
five days in pure water or in aqueous solution of 
5 p.p.m. 2,4-D sodium salt, or freshly cut, were 
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Table 1. PERCENTAGE LEAF-AREA INFECTION AND CaRBouy 
FERENTLY TREATED BEAN CUT SHOOTS 




















rihe Leaflet treatment 

Criteria cf a nn 

Dipped in 
Fresh yater™ 24-p | 
Per cent infection 39% 36% 16% | 
exose 2-995 2-306 1-os7 | 
Sucrose 4-462 1-619 os 

Carbohydrate Total sugars 7°457 3-925 1-957 

analysis Poly- a 
saccharides 3-727 3-932 2-170 | 
Total carbo- Bs 
hydrates 11:184 7857 4-127 | 
ee ee eee ee j 
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sprayed evenly with a spore suspension of Botrytis 
fabae to ensure a film of suspension on both leaflet 
surfaces; similarly, treated cut shoots were lef; 
uninoculated to serve as controls. For each treat. 
ment, three plants were used; they were kept 
constantly under humid conditions. The disease 
criteria were measured on leaves (Nos. 4, 5, 6 and 7), 
48 hr. after spraying, by a method adopted by 
Crowdy and Wain®. ‘the number of lesions, on both 
surfaces of the leaflet, was calculated and the mean 
diameter of a large numbe- of lesions was determined. 
Since the lesions are more or less circular in ou.line, 
the mean area of the infected lesions could be cal. 
culated from the formula (xr*). The total infectod 
area was afierwards obtained by multiplying the 
mean area of the lesions on both surfaces of each 
experimental leafles ; percentage infecvion could be 
thus represented as percentage ratio between total 
infected area and total area of both leaflet surfaces; 
the latter was determined by planimeter. ‘The 
results (Table 1) indicated a considerable reduction 
in percentage infection ia cut shoots previously 
treated with 2,4-D in comparison with those dipped 
in wa'er or previously freshly cut. In addition, 
carbohydrate analysis was made by Maskell’s method 
modified by Gawadi’. 

No pathological differences could be detected 
in the anatomy of infected leafle.s under varying 
treatments. ‘lhe fungal enzymic activity, as in- 
fluenced by the 2,4-D treatment of bean leafle:s, 
was tested by Brown’s disk method, as follows: 
juices were squeezed from differently treated cut 
shoots, cold sterilized by Menon’s technique’, in- 
oculated heavily with Botrytis spores and incubated 
for three days at 25°C. The reaction times for 
Botrytis macerating enzymes, obtained from differ- 
ently treated juices, were found to be close (that is, 
ranging between 18 and 20 hr.), denoting a feeble 
enzymic activity. On the other hand, the herbicidal 
treatment results in a depletion in the carbo- 
hydrate content of the leaf, especially sucrose, 
which completely disappears ; such depletion may 
interfere with the normal development and _ patho- 
genic potentiality of Botrytis. 

M. A. Mostara 
S. K. GayEep 
Botany Department, 
University of Cairo, 
Giza. 
July 8. 
? Ibrahim, I. A., Phytopath., 41, 951 (1951). 
? Crowdy, S. H., and Wain, R. I., Ann. App. Biol., 38, 318 (1951). 
* Hsia, Y. T., and Christensen, J. J., Phytopath., 41, 1011 (1951). 
‘ Mitchell, J. V., and Brown, J. W., Bot. Gaz., 107, 120 (1945). 
5 Wort, D. J., Amer. J. Bot., 36, 673 (1949). 
* Weller, L. E., and co-workers, Plant Physiol., 50, 289 (1950). 
7 Gawadi, A. E., Ph.D. thesis, Cambridge (1935). 
* Menon, K. P. V., Ann. Bot., 48, 187 (1934). 
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FORTHCOMING EVENTS 


Sunday, September 2—Wednesday, September 5 
pritish ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at 
getield).—Continuation of Annual Meeting. 


junday. September 2 . 
At 11 a.m.—(in Sheffield Cathedral)—Religious Service. Preacher : 
je Rt. Rev. the Lord Bishop of Sheffield. 


FB onday, September 3 


4t 10 a.m.—Dr. T. Robertson: “The Presentation of Geological] 
formation in Maps” (Presidential Address, Section C). 


it 10 a.m.—Prof. D. Whitteridge, F.R.S.: ‘The Machinery of 
nsture” (Presidential Address, Section 1). 

At 8 p.m.—Prof. Sydney Chapman, F.R.S.: “The International 
geophysical Year”. 

t , September 4 

mth) pm.—Sir John Cockcroft, F.R.S.: “The Future Develop- 
gent of Atomic Energy”. 


Thursday, September 6—Wednesday, September 12 


BRITISH MYCOLOGICAL Socrety (at Sheffield)—Autumn Foray. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
yfore the dates mentioned : 

Roots RESEARCH FELLOW (medical or science graduate, preferably 
vith some experience in tissue culture and virology) IN MICROBIOLOGY 
_The Secretary, The Wright-Fleming Institute of Microbiol ; 
%. Mary’s Hospital Medical School, Paddington, London, x 3 
September 8). 

DRAUGHTSMAN (man or woman) IN THE GEOGRAPHY DEPARTMENT— 
The Registrar, University College, Singleton Park, Swansea (Septem- 
ver 8). 

_—_ IN THE DEPARTMENT OF MECHANICAL ENGINEERING— 
The Registrar, The University, Liverpool (September 8). 

RESEARCH ASSISTANT (with a good honours degree in biochemistry 
ot chemistry) for work on problems of dermatophyte metabolism— 
The Registrar, The University, Leeds (September 8). 

ASSISTANT IN THE DEPARTMENT OF AGRICULTURE (Crop Husbandry) 
~The Registrar, University College of Wales, Aberystwyth (Septem- 
er 10). 

SePRINTENDENT (medicaliy qualified, experience of medical 
esearch including toxicological techniques, and preferably with a 
irst- or second-class honours degree in physiology or other natural 
wience) OF THE MEDICAL Division, Chemical Defence Experimental 
Establishment, Porton, Wilts, to be responsible for groups carrying 
out pure and applied research in physiology, pharmacology, toxicology, 
Hophysics and biochemistry— Civil Service Commission, Scientif ic 
Branch, 30 Old Burlington Street, London, W.1, quoting No. 
$.4618/56/7 tember 11). 

oon ara ASSISTANT LECTURER (with qualifications in the realm 
of mathematical analysis) Iv PURE MATHEMATICS—The Registrar, 
The University, Hull (September 15). 

Cam or EpvucaTIon in the University of Natal, South Africa— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (South Africa, Septem- 
ber 20). 

SCIENTIFIC OFFICERS (with a university degree of high standard 
and evidence of research achievement) IN THE DEFENCE STANDARDS 
LaponaTORIRS, Department of Supply, Maribyrnong, Victoria, 
Australia, for research work on paints and protective coati in- 
cluding: (a) physics of the bond between coating and base ; (5) the 
chemistry of pigments, fillers and binding media and rheology of 
paints, etc.; (ce) actinic and chemical degeneration, embrittlement, 
ete.; and (d) attack from corrosive media and underwater organisms— 
The Senior Representative (A.P. 63), Department of Supply, Common- 
wealth of Australia, Australia House, Strand, London, W.C.2 (Septem- 
ber 21). 

PRINCIPAL Puysicist in charge of the Northern Ireland Radio- 
therapy Centre—The Secretary, Northern Ireland Radiotherapy 
Centre, Purdysburn, Belfast (September 24). 

BoTANIst (with at least a second-class honours degree with botany 
as the main subject, and two years’ postgraduate research experience 
in plant breeding) at the Rubber Research Institute of Malaya, 





Kuala Lumpur, to engage in the Institute’s research programme 
relating to the improvement of planting material of Hevea brasiliensis 

The Secre' , London Advisory Committee for Rubber Research 
Malaya), Imperial Institute, London, 8.W.7 (Septem- 


(Ceylon and 

T 29). 
LECTURER (preferably with a major interest in heat transfer, and a 

knowledge of some aspect on nuclear engineering) IN ENGINEERING 

(MecmaNtcaL)—The Registrar, The University, Manchester (Septem- 
r 30) 


LECTURER IN ORTHODONTICS (CLINICAL) at the University of Otago, 
Dunedin, New Zealand—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(New Zealand, October 15). 
LABORATORY STEWARD IN THE CHEMISTRY, 
Victoria University College, Welli 


DEPARTMENT OF 
nm, New Zealand—' 


Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (New Zealand, October 26). 

FELLOW (chemist with experience in radiochemical techniques 
IY THE DEPARTMENT OF RADIOCHEMISTRY, 
Sciences, Australian National University, Canberra— 


Research School of Physica 
The Secretary, 
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Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (Australia, October 29). 

CHIEF MECHANIC AND TECHNICIAN IN THE DEPARTMENT OF PHYSICS, 
University College of Rhodesia and Nyasaland—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (October 31). 

ASSISTANT LECTURER (honours graduate in agricultural botany 
and a special interest in plant pathology) IN AGRICULTURAL BoTany— 
The Bursar, Royal Agricultural College, Cirencester. 

ASSISTANT LECTURER (ORGANIC CHEMISTRY)—Dr. L. N. Owen, 
Chemistry Department, Imperial College of Sci and Technology, 
London, 8.W.7. 

ASSISTANT (preferably male, with G.C.E. (advanced) in science 
subjects or —— qualificatio’) IN THE PHYSICS DEPARTMENT 
(Radioactive Isotope Laboratories), to assist in experimental and 
clinical work, using various physical and chemical techniques—The 
Secretary, Institute of Cancer Research, Royal Cancer Hospital, 
Fulham Road, London, 8.W.3. 

BIOCHEMICAL TECHNICIAN IN THE SURGICAL Untt—The Secretary, 
St. Mary’s Hospital Medical School, London, W.2. 

LECTURER IN PHARMACEUTICS—The Secretary-Treasurer, Royal 
Technical College, Glasgow. 

URER (science graduate, preferably in microbiology, with 
experience in dairy technology)—The Principal, National College of 
Food Technology, Cranwood Street, City Road, London, E.C.1. 

PROFESSOR OF HORTICULTURE—The Dean, Faculty of Agriculture, 
University of Alberta, Edmonton, Alberta, Canada. 

RESEARCH ASSISTANT (well-qualified graduate in chemistry) IN 
RADIATION CHEMISTRY in the Department of Physical Chemistry, to 
investigate some aspect of the radiation chemistry of organic com- 
oo glial F. 8. Dainton, School of Chemistry, The University, 





RESEARCH ASSOCIATE IN THE DEPARTMENT OF PuHysics to join the 
500-kilovolt accelerator group—Dr. Paul Lorrain Institut de 
Physique, Université de Montreal, Montreal, Canada. 

SCIENTIFIC OFFICER (honours graduate in chemistry or biochemistry) 
IN THE ISOTOPE SECTION engaged mainly in fundamental biological 
research using the isotopic tracer technique—The Secretary, National 
— for Research in Dairying, Shinfield, Reading, quoting Ref. 
56/11 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Makers of Modern Science. (From The Times Educational Supple- 
ment.) Pp. iii+44 (10 plates). (London: The Times Publishing 
Company, Ltd., 1956.) 2s. 6d. [256 

Report of the Conference on Technical Education pow orgy | by the 
National Union of Students, at Regent Street Poly: ic, London, 
a 28th, 1956. Pp. 32. (London: National Union of Students, 


‘ 256 
British Broadcasting Corporation: Engineering Division. Mono- 
graph No. 7: The Design of a High-Quality Commentator’s Micro- 
phone Insensitive to Ambient Noise. By H. D. Harwood. Pp. 19. 
(London: British Broadcasting Corporation, 1956.) 52. [256 
Bulletins of Marine Ecol (formerly Hull Bulletins of Marine 
Ecology). Edited by Dr. A. C. y, Dr. C. E. Lucas and K. M. Raw. 
No. $1, Vol. 4: The Plankton in the Irish Sea, 1951 and 1952. By Dr. 
D. I. Williamson. Pp. 87-114+plates 19-31. 12s. Nos. 32 and 33, 
Vol. 4: The peaty : a@ Study of the Variation 
Between Catches Taken by Day and by Night. By R. S. Glover and 


J. A. Pope. Notes on the Differences Between Calanus Finmarchicus 
(Gunn) and Calanus H indicus ). By J. Mauchline. Pp. 
115-140. 68. (Edinburgh: Scott Marine Biological Association, 

256 


1956.) 

British Museum (Natural History). Fossil Mammals of Africa No. 9: 
A Miocene Lemurois Skull from East Africa. By Sir Wilfrid Le Gros 
Clark. Pp. ii+6+1 plate. (London: British Museum (Natural 
History), 1956.) 5s. 256 
=< Vol. 22, No. 398: Atoms in Industry—1. Pp. 105-120. 
2s. 6d. ol. 22, No. 399: Atoms in Industry—2. Pp. 121-138. 
(London: Political and Economic Planning, 1956.) 2s. 6d. each 


part. 296 
Journal of Neurochemistry. Vol. 1, No. 1 (May, 1956). Publitiog 
quarterly. Subscription rates: (A) £5 (U.S.A. 14 dollars) including 
tage ; (B) for individual subscribers certifying that the journal is 

or their private use, £3 10s. (U.S.A. 9.80 dollars) including postage. 
oa : Pergamon Press, Ltd.; New York: Pergamon Press, Inc., 
5 296 
Model Form of General Conditions of Contract recommended by The 
Institution of Mechanical Engineers and the Institution of Electrical 
Engineers for the sale of Electrical and Mechanical Goods, other than 
Electric Cables (Home—Without Erection). Pp. 6. (Model Form C.) 
2s. 6d. Model Form of General Conditions of Contract including Form 
of j{pomes recommended by the Institution of Mechanical neers, 
the Institution of Electrical Engineers, and the Association of t- 
ing Engineers for use in connection with Export Contracts with 
Delivery F.0.B.orC.1.F. Pp. 17. (Model Form B.1.) 4s. 6d. (London : 
Institution of Electrical Engineers, 1956.) 296 
Imperial College of Science and Technology (University of London). 
nage agg: Bee 3 for Donors of Bursaries in Concrete Technology. 
. 15. (London: Imperial College of Science and Technology, 


-) 296 
Lister Institute of Preventive Medicine. Report of the Gevietins 
Body, 1956, Pp. 26. (London: Lister Institute of Preventive 
Medicine, 1956.) [296 
Abstracts of Dissertations approved for the Ph.D., M.Sc., and 
M.Litt. Degrees in the University of Cambridge, during the Academical 
=” Pp. xvii+283. (Cambridge : ‘The University, 
. [296 
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British Rubber Producers’ Research Association. Eighteenth 
Annual Report (May, 1956). Pp. 50. (London: British on 
Producers’ arch Association, 1956.) 

Ministry of Labour and National Service. Time Ra: pee tes of Wag 

on : 


and Hours of Labour, Ist gel 1956. Pp. x+281. 
Sistiamery Office, 1956.) 9s. n ‘i206 

Health and Radiation. By Michael Ash. Pp. 30. (London: Michael 
Ash, 138 Harley Street, 1956.) 296 

North of Scotland College of Agriculture. Calendar, 1956-57. 
+ a (Aberdeen: North of Scotland College of Agriculture, 

British Empire Gaon, Campaign. Thirty-Third Annual Report 
covering the year 1955. Pp. xxxvi+522. (London: British — 
Cancer Campaign, 1986.) 

The World of Wool, 1955/1956. (Annual Review of the International 
Wool Secretariat and the Wool Bureau Incorporated.) Pp. 96. (Lo 
don: a Wool Secretariat; New York: Wool Rasen 
Incorporated, 1956.) [107 

Anti-Locust Bulletin 22 : = African Migratory Locust (Locusta 
migratoria migratorioides R. and F.) in Nigeria. By J. T. Davey and 
H. B. Johnston. me iv+91 $26 figs. (London : Anti-Locust Research 
Centre, 1956.) 8s. 6d. [107 

Society for Analytical Chemistry. Report of the Analytical Methods 
Committee, 1955. Pp. iv+26. (London: Society for Analytical 
Chemistry, 1956.) [107 

Boiler Availability Committee. Bulletin No. MC/277: The Work 
of the Boiler Availability Committee since the Fuel Economy Con- 
ference of the World Power Conference held at the Hague in 1947. 
By H. E. Crossley. (Paper presented at the Fifth World Power Con- 
ference held in Vases in 1956.) Pp. 24. (London: Boiler Availability 
Committee, 1956.) 

Courtaulds Limited. Report and Accounts, 1955-1956. Pp. 20. 
(London: Courtaulds Limited, 1956.) {107 

The rt and Records of the South Essex Natural History 
Society. rhe South E: 

1934/1955.) Pp. 76. 


Essex Naturalist—2ist Anniversary Number, 
(Leigh-on-Sea: South Essex Natural History 
Society, 1956.) 
Pe... Revister Office. — of Life and Death. Pp. 28. ( 
H.M. Stationery Office, 1956.) 


pond 
(107 

a of Scientific hg Industrial Research. Report of the 
Forest Products Research Board with the Report of the Director of 
Forest Products Research for the year 1955. a. i +eb-+8 plates. 
(London: H.M. Stationery Office, 1956.) 4s. [107 
British Coal Utilisation Research Annual Report, 


See 
1955. Pp. 78. (Leatherhead: British Coal Utilisation Research 
Association, 1956.) [107 


Other Countries 


Nationa! Academy of Sciences: National Research Council. Publi- 
cation 387: Report of an yee Conference on Theory 
and Group Representations. Fe, iv +36. (W: n, 
Academy of Sciences—National Research a oe [286 
Commonwealth of Australia : t of External Affairs. 
Australian National Antarctic Expeditions Interim Reports 
No. 8: Pe in Marking at Heard Island, 1 1953. 
le M. Gwynn. Pp. iit 12 +6 plates. Ne. ll: —— 
and Methods for phim 7 Observation. By F. Jacka and ‘J. Balan 
ii My Ss sammpennath Antarctic Division, Department of wee 


286 
caean Pp. 394+ix. (Paris Buropean Productivity ameney of the 
o ~ European uctivity mey oO! 
Organisation for European Co-operation, 1956.) 500 “oR 
1.50 dollars. 286 
Publications of the Observatory of the emg ~y He of a 
Vol. II: Catalogue of Southern Double Stars icha: 
Rossiter. Pp. 286. (Ann Arbor, : University Of Michigan, 


1955. 
Universidad de Chile : Facultad de Filosofia y Educacion. Trabajos 
ar eae rio de Zoologia. No. 2: Filogenia | eg en Austro- 
Stine Manni, Gertsch y Zapfe ( Araneae-H. ). r Hild 
Zapfe C. Pp. 53. (Santiago de Chile: Universidad ae Chile. "1955.) [298 
alletin of the American Museum of Natural Histo: Vol. 110, 
Article 3: oo an. of the Southwestern United States. 


1: Eum Trochonemaracea, lostomatacea, an 
Platyceratacea. y Ellis L. Yochelson. With a section on the Effect 
. 173-276 yy 9-24. (New York : —_ 


Museum of Natural H tory, 1956. [296 
Transactions of American ftosophical Society. ~~ a's: 

‘Vol. 46, Part 2: A Survey of Islamic Astronomical Tables E. 8. 

Kennedy. Pp. ii+123-178. (Philadelphia: American Philcsyphicai 

Society. 1956.) 1.50 dollars. [296 
Commonwealth of Australia: Department of External Affairs. 

Australian National Antec's Research Expeditions. A.N.A.R.E. 

rts. Series B, Vol. 


Repo 
Hyasesid Mite—A y 
t Hughes. Pp.i+19. (Melbourne: Antarctic Division, Depart- 
airs, 1955. 296 
Council. The 


ment of External ) 
ational Academy of Sciences—National Research 
Biplowleal Effects of! Atomic Radiation: a Report to the Public from a 
Study by the National Academy of Sciences. Pp. ii+40. The Biological 
Effects of Atomic Radiation : Summary Reports from a Study ty F; the 
National Academy of Sciences. xiv +108. Washington, 
National Academy of Sciences—National Research Council, 1956. (296 
Bulletin of the American Museum of Natural History. Vol. 110 
Article 2: A Revision of the Erotylidae of America North of Mexico 
(Coleoptera). By W. Wayne Boyle. Pp. 61-172+plate 8. (New York : 
erican Museum of Natura! History, 1956.) 1.50 dollars. [296 
Bibliographien des Deutschen Wetterdienstes. Nr. 4: Agrarmeteoro- 
logische Bibliographie, 1952. Bearbeitet von Max Schneider. Pp. 
xii+107. (Bad Kissingen: Deutschen Wetterdienstes, 1956.) [296 
Republique Francaise : Ministére de la France d’Outre-Mer. Office 
de la Recherche Scientifique et Technique Outre-Mer—Organisation— 
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Activités, 1944-1955. 


182+6 planches. (Paris: Minis: 
France d’ ‘Outre-Mer, ak} une 


United States Bisarieas of Commerce: National Bureay ¢ 
Standards. Circular 570: Units and ety of Weights and Meagpre 
ig 0 —— one ment, and Present Status. By Lewis V. Judgoy 
Pp. v (Washington, D.C. : 

5 — 


UNKRA in Action. Pp. 32. (New York : ~~ Nations ; London 
H.M. Stationery Office, 1956.) 0.30 dollars ; oe franca, ty 
West African Institute for wet gt 
Report, No. 16 ( ene Ist, to March 3 m050. } Pp. u 
ey City, Nigeria : t African Institute ay Oil Palm Rese 


Metropolitan Life Insurance Company. Statistical Lge Vol 
(May, 1956): Sex and Age teeny A Lt. mag Pp. 1 
litan Life Insurance 1956. ) ) 
Organization. eee Series. No. 31: Composti 
and Reclama 


tion of O jc Wastes. By 
Harold B. Gotaas. Pp. 205. (Geneva: World Health Organization 
yo ae H.M. Stationery Office, 1956.) 


15 Swiss francs ; 
ao 25s. 


» Thirtycaixth Report of the Quebec Society for the Protection g 
Plants, 1954. Pp. 96. (Quebec: Ministry of Agriculture, 1086) H 
State of California : Department of Fish and Game. Fist 
No. 103: Trolling Gear in California. By W. L. Scofield. 
(San Pedro, Calif.: California. State Fisheries Laboratory, 1956.) [i 
Handbook on the International Exchange of Publications. 0 

edition, edited = revised by Dr. Gisela von Busse, with the coll 
tion of Dr. H. Werhahn. Pp. 507. (Paris: United Nations 
tional, Scientific and Cultural Organisation, 1956.) 1,800 fr 
36s.; 7 dollars. \ 
—— Forest Records. No. 19: as Timbers of Malays 
By Balan Menon. Pp. v+55 (2 plates). ‘(Kuala 
Ministre of Agriculture.) 3 Malayan 
Beihefte zur Zeitschrift “Elemente der Mathematik”. 
& la “Revue de Mathématiques Elémentaires”. Beiheft Nr. 12, 
1956: Der Prioritdtestreit zwischen Leibniz und Newton. Von Pp 
J. O. Fleckenstein. Pp. 27. (Basel und Stuttgart: Birkhduser Ver 
1956.) 4.65 Swiss francs. 
a of yy Zoology at Harvard oo» 
Remarks on Some Miocene Anurans Florida, wih 
description ofa New "Species of Hyla. By Walter Jes. 
. 53: Food-Finding by a Captive Porpoise (T'ursiops trume 
By William E. vill Barbara Lawrence. Pp. 15. C 


bridge, Mass: Museum of Comparative Zoology at Harvard Co 


1956. 0 
Bulletin of the Museum of Comparative at Harvard olleg 

Vol, 114, No. 5: Silicified Middle Ordovician ites: The Odonts 

pleuridae. By H. B. Whittington. Pp. 155-290+24 plates. ¥ 

114, No.6: A Cat Skeleton with an ——— Third Hind 

and Abnormal Vertebrate. By tn ns Ay 

Stein. Py mee ( 


Yal 
(December 5, 1565)" 
James E. Morrow. 3 (1 plate). No. 25 (March 15, 1956): 
fauna of the Jorulle ion, Michoacan, M By Raymond 
Paynter, Jr. Pp. 12. No. or 86 ay Sh 1966) : Cuban Bird Notes, 
3 — Ripley and George Pp. 6. (New B 
Peabody Museum "or Natural History, 1955 and 1956.) 
Oopritish Caribbean Meteorological Serv Annual 
Pp. 18. (Trinidad: British Caribbean Me 


1955.) 

United States a of the Interior: 
Service. Circular 36: Fishery Publication Index, 
tions of the Sons of Fisheries, age A Publications of of the 
and Wildlife Service, by Series, Authors, and oor hie x+ 
1.50 dollars. Circular 37: Duck S$ tamps and ‘Soret 
John L. Farley. Pp. 22. (Washington, D.C. : 
Office, 1955.) 
Bulletin of the American Museum of Natural History. Vol. i 
Article 4: Observations on the Fish —— of a Lake Co 
inated by Radioactive Wastes. By Louis Krumholz. te 1 
368. (New York: American Museum of Natural History, 1 
1.50 dollars. 

Annual Epidemiological and bay Statistics, 1953. (Bill 
edition (French and English). Pp. 570. (Geneva: World Health On 
isation ; —— H.M. Stationery “Office, 1956.) 30 Swiss 

ollars. 
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